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part of a defense reaction set up m adjacent nor- 
mal bone agamst invasion by tumor tissue 

METHODS 

Serum phosphatase was determined by a modification 
of the Bodansky method which has been descnbed m 
detail elsewhere (10) Estimation of the icteric index is 
a part of this procedure. Acid serum phosphatase \vas 
determmed at pH 6 4 (11) The method was the same 
as for alkaline phosphatase except that the veronal buffer 
was omitted from the substrate By the method used, 
normal values for alkahne serum phosphatase are 1 7 to 
5 0 umts, values above 4 5 umts being rare and the aver- 
age bemg 3 0 umts The aad serum phosphatase seldom 
exceeds 5 per cent of the alkahne phosphatase m normals 
or m patients with primary bone disease, but is markedly 
elevated m cases of carcmoma of the prostate metastatic 
to bone. Tissue phosphatase was determmed by a modi- 
fication (9) of the method of Franseen Sodium beta 
glycerophosphate was used as substrate throughout As 
most of the patients were seen m the out-patient depart- 
ment, the blood samples were usually obtamed m the 
non-fastmg condition 

Three types of cases were chosen for examination 

A Patients without evidence of bone disease. 

B Patients with symptoms suggestive of bone mvolve- 
ment but wth negative films In some of these patients 
the symptoms were probably, but not certamly, due to 
coexistent arthritis 

C Patients with bone lesions demonstrable roentgeno- 
graphically 

It should be emphasized that these patients were se- 
lected with a view to possible bone disease Only enough 
cases \Mthout bone symptoms were exammed to give an 
adequate control group An imselected senes of patients 
from the same clmic would mclude a much larger per- 
centage without symptoms referable to the bones 

All the patients reported were adults A few children 
were also exammed but are not mcluded here, smce it is 
very difficult to evaluate serum phosphatase findmgs m 
growmg mdividuals, owmg to the wide range of normal 
vanation. 

RESULTS 

Results for serum phosphatase are summarized 
m Table I Values above 5 0 units per 100 cc 
are considered abnormal Senal observations 
were made on many of the patients over penods 
ranging from a few months to nearly two years 
During this time some patients who had at first 
no evidence of bone disease developed pam m the 
bones Others who had symptoms suggestive of 
bone mvolvement without roentgenographic 
changes later showed frank lesions \Vhenever 
such a change m the status of the patient mth 


TABLE I 

Summary oj th^ serum phosphatase readings of 115 patients 
with lymphomaioid disease 


i 

DiasQosis 

1 

Cases without 1 
bone symptoms 

Cases with 
bone symptoms 
but with 
normal x rays 1 

Cases with 
bone lesions 
shown roent- 
Bcnographlcally 

Total 

num> 

ber 

Number 

with 

elevated 

P-ase 

Total 

num- 

ber 

1 

Number 
with 
elevated 1 
P ase 

Total 

num- 

ber 

Number 
with 
elevated 
P asc 

Hodgkin’s 

disease 

11 

3 

36 

21 

19 

14 

Lymphosarcoma 

13 

4 

1 8 

5 

9 

3 

The leukemias 

15 

4 

11 


3 

1 

Miscellaneous. 

1 

1 

' 4 


3 

' 2 

Total 

40 

12 or 
30 per 
cent 

59 

1 

30 or 
51 per 
cent 

! 

34 

20 or 
59 per 
cent 

1 


respect to evidence of bone disease occurred, an- 
other record was made in the appropnate column 
The table therefore contams 134 entries relating 
to 115 patients 

Determinations of total serum calaum and of 
serum inorganic phosphorus were made on all 
cases but are not recorded m the table as no 
staking deviations from normal were observed 
A slight elevation of serum inorganic phosphorus 
^vas foimd m about a third of the Hodgkm’s cases 
and may possibly be of significance In the leu- 
kemias the total serum calaum averaged a little 
low, but this ^vas not related to the presence of a 
hemorrhagic tendency and was probably due to 
the poor nutation of many of these patients 

The section of the table entitled ** Miscellane- 
ous mcludes 3 cases wth a tendency both to 
polycythemia and leukemia, and 1 each of giant 
folhcular l 3 anphoma, non-specific lymphadenitis, 
mycosis fungoides, probably aleukemic lymphatic 
leukemia, and aleukemic myeloid leukosarcoma. 
In most of the patients with leukemia and poly- 
cythemia, the diagnosis ^vas estabhshed by blood 
examination alone In all the others except 3 the 
diagnosis was verified by biopsy In the group of 
26 cases of leukemia, 19 were of the lymphatic 
type, 4 of the myelogenous, and 3 of the pseudo- 
leukemic 

It is evident at once from inspection of the 
table that an elevation of serum phosphatase is 
very common in the lymphomatoid diseases It 
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occurred m over half tlie cases wtli known bone 
involvement or with symptoms suggestive of bone 
mvolvement, and also m more tlian a quarter of 
the cases m which there ^va3 no reason to suspect 
that the bones were affected When the different 
diagnostic groups are exanuned separately, it is 
seen that for the 66 determinations on 53 cases 
of Hodgkm's disease tlie relation between eleva- 
tion in serum phosphatase and evidence of bone 
disease is very close The actual values could not 
be presented m tlve table, but it may be stated here 
that m Hodgkin’s cases with severe bone symp- 
toms the elevation of serum phosphatase was 
often marked, the readings being above 15 umts 
m 9 patients and above 35 umts m 2 The his- 
tones of some of these patients will be examined 
m detail later 

The miscellaneous group is too small to be of 
much significance, but the relation of changes m 
scrum phosphatase to bone symptoms is fairly 
close 

The patients with lymphosarcoma present many 
puzzling features, as an elevation of serum phos 
phatase is encountered as often m the patients 
wthout evidence of bone mvolvement as m those 
wth demonstrable lesions In the group of pa- 
tients with leukemia well-defined bone lesions 
were rare Elevations of serum phosphatase 
were small only one value exceeding 6^ units 
bemg found They occurred infrequently and 
bore httle relation to the presence of symptoms 
referable to the bones 

Because of the lack of correlation between the 
presence of elevated serum phosphatase values 
and evidence of bone disease m lymphosarcoma 
and the leukemias, the question presents itself 
whether the excess phosphatase in the serum of 
many of these patients comes from tlie bones or 
from some other tissue The latter is an im 
portant possibihty, as many patients with lympho- 
matoid disease have large masses of abnormal 
tissue and radical disturbances of the vital nieta 
bolic processes 

An mcrease in metabohe rate is common in 
these patients It is not associated with sjmp 
toms of hyperthyroidism and its exact cause is 
obscure. Little evidence is available at present 
regarding the effect of metabohe rate on serum 
phosphatase, although the phospliatase appears to 


be somewliat elevated m hyperthyroidism (12) 
We have not detemuned the basal metabohe rate 
on tlie cases presented here but we observe that 
gross abnomiahties m serum phosphatase are en- 
countered least often m the leukemias where an 
accelerated metabolism is most common In sev- 
eral patients \vith Hodgkin’s disease tliere ^vas no 
relation between tlie serum phosphatase readmgs 
and the presence of fever We feel, therefore 
that while an increase m the metabolic rate may ex 
plain why many patients with leukemia have 
senun phosphatase values in the upper normal 
range it does not account for the markedly ele 
vated phosphatase readings so often found in 
Hodgkm 3 disease 

Tlie h>o most probable non-osscous sources of 
the excess phosphatase m the serum are the bile 
and tlie lymphomatoid tissue None of the pa- 
tients reported here had an elevated ictenc index, 
so It 18 unlikely that there were significant amounts 
of bile phosphatase in the serum While recent 
work (13) has shown that the serum phosphatase 
may remain elevated for a time after the ictenc 
index has returned to normal following an attack 
of jaundice furtlier evidence has just been ob- 
tained m the course of an uncompleted investi- 
gation by one of us (H Q W ) which mdicates 
that moderate liver dysfunction without jaundice 
does not produce sigmficant changes m the serum 
phosphatase We feel, therefore, that hver dis- 
ease IS not an important factor m our phosphatase 
findings but cannot be definitely excluded m all 
cases 

Since it was found that the amounts of both 
acid and alkahne phosphatase m the lymphomatoid 
tissue were small, it does not seem likely that en 
zyme from this tissue was responsible for the high 
values found for alkalme serum phosphatase 
Additional evidence on this point was obtamed 
from determination of the aad phosphatase of the 
serum This was done on 29 cases with an ele 
vated alkalme phosphatase and 25 cases witli a 
normal alkaline phosphatase. No abnormahties 
m the aad phosphatase were found It is im 
probable that leakage of alkalme phosphatase to 
the scrum would take place without corresponding 
leakage of aad phosphatase. 

Although the above evidence does not favor a 
non-osseous origin for elevations of the serum 
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phosphatase, an attempt was also made to use 
statistical methods to discover whether there was 
a correlation between changes in phosphatase and 
the presence of extensive adenopathy or of en- 
largement of the liver or spleen This metliod is 
not entirely satisfactory because lesions of liver, 
spleen, bones, and glandular systems cannot be 
considered as mdependent variables, and are hkely 
to occur simultaneously late m the disease Nev- 
ertheless, significant exceptions to this are often 
found, and the statistical study was therefore 
made It showed that, for Hodgkm’s disease, the 
only positive correlation was that between serum 
phosphatase and evidence of bone disease The 
senes of cases of lymphosarcomas and the leuke- 
mias were rather small to be significant but sug- 
gested that disease of the hver or spleen might 
be a factor in raising the serum phosphatase 

Since the white blood cells contam alkaline 
phosphatase, it is theoretically possible for enzyme 
from this source to raise the serum level How- 
ever, it was apparent at once that this was not 
an important practical factor An elevated serum 
phosphatase was infrequent in the leukemias, and 
bore no relation to the white count when it did 
occur 

Although previous work has failed to show any 
evidence that radiation therapy has a direct effect 
on the serum phosphatase (14), the possibihty of 
such an effect must be considered here In the 
leukemias, particularly, the destruction of the 
white blood cells might result in the liberation of 
significant amounts of alkalme phosphatase mto 
the serum, even though the intact cells do not af- 
fect the serum level Many of our patients were 
under almost continuous treatment, so that it was 
not possible to obtain blood samples more than a 
few weeks after the last irradiation Adequate 
observations on the effect of a smgle course of 
treatment were obtained on 4 cases, however, and 
are summarized below 

In the last case, irradiation resulted in a drop 
m the total white count from 92,400 to 17,200 
The vanations in phosphatase observed are within 
normal limits This confirms our previous ob- 
servations 

IrradiaUon of tissues other than the bones does 
not appear, therefore, to have a significant effect 
on the serum phosphatase m these patients 
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From this discussion of the possible origins of 
serum phosphatase, it appears that m Hodgkin’s 
disease all the evidence is in favor of an osseous 
ongm for the excess phosphatase m the serum 
This may also be true m lymphosarcoma and the 
leukemias, but in these diseases other possible 
sources of serum phosphatase have not been 
excluded 

PROTOCOLS 

Some of the matenal summanzed m the table 
will now be examined in more detail In the 
group of 11 Hodgkin’s patients who had no symp- 
toms referable to the bones at the time of the first 
serum phosphatase determination, the majonty 
had normal or high normal phosphatase readings 

The subsequent course of Case 12, who had an eleva- 
tion of serum phosphatase which was unexplained at 
first, IS of especial interest This patient, a female aged 
42, had been under treatment for proved Hodgkin’s dis- 
ease for two years Her first phosphatase reading was 
slightly elevated at 5^ units At this time she was m 
good health but had a large supraclavicular mass Dur- 
ing the next three months she received two cycles of 
roentgen irradiation to the supraclavicular regions and 
mediastinum At the close of treatment the adenopathy 
had regressed somewhat and the serum phosphatase was 
5 7 units Four months later she developed marked in- 
volvement of the head of the femur She stated at this 
time that she had noted minor discomfort m this region 
for a penod of one year, but she considered it too trivial 
to mention The area was irradiated, but after comple- 
tion of treatment the serum phosphatase was 9 1 units, 
and rose to 11 7 units during the next four months At 
this time her general condition had deteriorated, there 
was massive adenopathy adherent to, and probably in- 
volving, the sternum, and a film showed that the femoral 
lesion was not healing It is likely that in this case the 
bones were mvaded early, but that it was not until the 
disease became very active that the bone disturbance was 
sufEaent to cause senous symptoms 
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In the group of cases of Hodgkm's disease 
with symptoms referable to bones, an elevation of 
the scrum phosphatase ^vas frequently encoun- 
tered. In 3 of the patients who bad serum phos 
phatase values withm normal hmits the symptoms 
were probably due to co-existcnt arthritis 

In C(ue 22 (iL R.), a mate aged 39 with a seven year 
history of Hodglon t disease had senim phosphatase 
values which remained approximately constant at the 
somewhat elevated level between and 8J2 units for a 
penod of one year Eighteen months after the first de- 
icrminatioa an exacerbation of bone symptoms was asso- 
ciated with a me of phosphatase to 1Z5 umts During 
this time the gtmeraJ comiiUon was poor and the spleen 
was somewhat enlarged but there was little or no palpable 
adenopathy The patient complamcd constantly of pain 
m the shoulder lumbar spme, and pelvis, but repeated 
roentgenograms of these areas failed to show frank 
(esiofis although on several occasioTTs a quesUonable al 
tcration of density was noted. During the penod of ob* 
servatlon the patient received five cycles of roentgen ray 
treatment to the spleen and the suspected bones It is 
difficult to escape the conclusion that in this patient Hodg 
Ions disease was present extensively m and about the 
bones and contnbuted to the marked impairment of the 
general health m the absence of external adenopathy It 
was however controlled sufficiently by IrradlaUon therapy 
to prevent the development of demonstrable lesions. 

In Case 23 (J H) a male aged 31 with a four year 
history of Hodgkins disease had some pam and tender 
ness in the spine but films were negative except for 
qacsUonable wedging of the 6fth lumbar vertebra. He 
was observed for mne months during which period his 
Bcnim phosphatase rose irregularly from 84 units to the 
high value of 30.S units. At different times he showed 
rather extensive axillary mediastinal and cpigastnc 
masses which were treated by three roentgen ray cycles 
His general condition deteriorated and he died one month 
after the last observation. It is noteworthy that, except 
for the irradiation of the sternum incidental to the medi 
astlnal therapy this patient received little roentgen ray 
treatment to the bones which arc commonly mvolved in 
Hodgkms disease. It is probable that he had extensive 
but nearly symptorolcss bone disease which progressed 
m parallel ivith disease elsewhere in the body 

In Case 31 (F D ) a male aged 32 with a two-year 
history of Hodgkb t disease complained of bone pam 
but films of the lumbar spme, pelvis, and knees were 
essentially negative. His first scruni phosphatase deter 
minatlon showed a moderately elevated value of 7,6 
At thi« tune he was In fair condition with no 
palpable adenopathy bat be soon developed evidence of 
retpnring a cycle of roentgen irradiation to the 
abdomen and treatment m the Hcubicm total irradiation 
unit This failed to control the process so that three 
months after the first phosphatase determination he de- 
veloped marked adenopathy and a temperature of 101 
His serum phosphatase at this time ^vas approximately 


unchanged at 6i? units. He received another course of 
Hcublem therapy with little improvement and m three 
months his serum phosphatase had risen to 12.0 umta. 
Six weeks later a film of the dorsal spine showed definite 
sclerotic changes. After another treatment m the Heub- 
Icin unit there was marked improvement m the adeno- 
pathy and general health, but the serum phosphatase rose 
to 174 units. There was colnadent increase m back pam 
and films showed sclerosis of the dorsal vertebrae and 
decalcificatfon of the pelvis, Roentgen irradiatJou of the 
dorsal spme resulted in relief of pam, but the serum 
phosphatase remamed imchanged at 177 units, probably 
owing to the pelvic lesions. Seven months later the gen 
eral condition was poor and the bone symptoms had be- 
come severe, with a corresponding rise of the serum 
phosphatase to 36*4 units. In this case, the serum phos 
phatase paralleled the evidence of bone mvolvement 
closely over a period of twenty-one months and showed 
no relation to the wide fluctuations m adenopathy 

In the group of Hodgkmb cases vnth bone le- 
sions demonstrable roentgenographically, there is 
no close relation between the degree of elevation 
of serum phosphatase and the amount of new 
bone formed Thus 2 patients with long standing 
and fairly extensive osteoplastic lesions had serum 
phosphatase values which ranged between 2 6 and 
4 8 units, while m 3 other patients who showed 
osteolysis, the phosphatase was from 7.5 to 157 
umts It may be significant that 1 of these even- 
tually developed some osteoplasia. This is m 
contrast to the usual findmgs in caranoma me- 
tastatic to bone where the scrum phosphatase usu 
ally corresponds closely to the degree of ostco- 
plasia. 

In Case 38 (A. M.) a female aged 46 with a three- 
year history of Hodgkms disease was observed for 
aghteen months. During tbu timo she had little adeno- 
pathy but her general condition was only fair and disease 
activity thowed itself at intervals in the form of herpes 
dermatitis and recurrent attacks of gastro-intestinal dis 
turbance and fever These were treated by cautious 
roentgen therapy and supportive measures. Nine months 
prior to the first phosphatase dctcnnination there had 
been a small osteolytic lesion of the third lumbar vertebra 
and symptoms suggestiYC of pelvic disease without roent 
gcnographic changes. These became lymptomless but 
the scrum phosphatase at first examination was found to 
be definitely elevated at 70 units, and rose steadily to 
12.6 units over a period of eleven months. This prompted 
a re-examination of the pelvis, and a large lesion of the 
left ilium was discovered. The region soon began to be 
painful and was irradiated with relief of symptoms. 
The scrum phosphatase contmued to nso to 22d) umts 
however and wc anticipate that there wxU soon be cvi 
deuce of disease in other bones. 
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In view of the uncertainty existing as to the 
significance of serum phosphatase changes in 
lymphosarcoma and the leukemias, the histones 
of patients with these diseases will not be con- 
sidered in detail It is of interest to note that in 
3 cases of lymphosarcoma the disease was primary 
m bone and showed little or no extension to other 
organs These may be examples of the primary 
reticulum cell sarcoma of bone recently descnbed 
by Parker and Jackson (15) which these authors 
believe to be a separate entity All of these pa- 
tients had serum phosphatase values well wthin 
normal limits, resembling m this respect cases of 
plasma cell myeloma among the pnmary bone 
tumors The 3 cases are from the dime of Dr 
B L Coley of the Bone Service of this hospital 

In 3 cases in the miscellaneous group the pre- 
senting symptom was polycythemia This was 
fairly well controlled at the time of first phos- 
phatase determinations, but a leukemic tendency 
had also appeared Adenopathy was shght or 
absent but splenomegaly was present All these 
patients complained of pain and tenderness in 
the bones but roentgenograms failed to show any 
definite abnormalities except one small osteolytic 
lesion of the tibia in 1 case In all cases the 
serum phosphatase was moderately elevated to 
from 62 to 9 0 umts This is interesting in view 
of the recent work of Sabin and coworkers (16) 
who have shown that, m rabbits which are anemic 
and leukopenic at birth, the demands on the bone 
marrow in early extrautenne hfe cause a pro- 
liferation of osteoclasts and enlargement of the 
marrow cavity The similar proliferation of 
osteoclasts which occurs in hyperparathyroidism 
IS known to be associated with an elevation of 
serum phosphatase If the hyperplastic marrow 
of polycythemia also tends to stimulate the mecha- 
msm for enlargement of the marrow cavity at 
the expense of the adjacent bone, then an increase 
m serum phosphatase is to be expected 

COMMENT 

The evidence obtained m this investigation 
lends support to the belief previously expressed 
b> one of us (17) that bone involvement is much 
more common m the Ijmphomatoid diseases than 
the incidence of overt lesions would indicate. 
However, the process appears to differ radically 


from that which takes place when the bones are 
the site of carcinoma raetastases Here the me- 
tastases, if untreated, progress regularly to a fatal 
termination, and the serum phosphatase, though 
higher m osteoplastic than in osteolytic disease, 
nses steadily with the spread of the metastases 
In Hodgkin's disease, on the other hand, the prog- 
ress of the bone lesions appears to be subject to 
relapses and remissions similar to those observed 
m other affected organs As we have seen, the 
serum phosphatase of several of our cases showed 
over penods of many months somewhat elevated 
and fluctuating values assoaated with symptoms 
referable to the bones but unrelated to changes in 
adenopathy Some of these patients eventually 
developed demonstrable bone changes, while oth- 
ers have not done so to date If elevations of 
serum phosphatase indicate the presence of bone 
disease, as we believe they do, then these patients 
had bone pathology which made httle progress 
over long penods An important type of case is 
one in which the patient is obviously doing badly, 
yet has httle adenopathy accessible to examination 
When serum phosphatase readings remain per- 
sistently elevated m such patients, it seems likely 
that the disease is present pnnapally m or about 
the bones Finally, we have on several occasions 
observed a terminal rise of serum phosphatase to 
very high values In these cases the disease had 
affected nearly every organ of the body, and had 
undoubtedly included the bones also 
As mentioned previously, the lymphosarcoma 
and leukemias present many unexplained anoma- 
lies, and further work will be necessary before 
the sigmficance of serum phosphatase m these 
conditions can be made clear 

We may suggest a tentative explanation for 
the wide variations observed m the extent of 
serum phosphatase elevation between different 
cases of the same type We believe that the ele- 
vation in phosphatase reflects a defense reaction 
on the part of the bones against invasion If 
the defense is less than the invasive process, an 
osteoljrtic lesion will result If the defense is 
greater than the invasive process, an osteoplastic 
lesion will result If the two are equal, no dem- 
onstrable bone defect may develop, although 
symptoms may be present Either or both may 
be shght or intense, but the degree of the serum 
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phosphatase elevation will be a measure of the 
defense mechamsm only 

SUMMARY 

Serum phosphatase studies have been made on 
115 patients with lymphomatoid disease, including 
S3 cases of Hodgkin s disease 28 of lymphosar- 
coma 26 of leukemia, and 8 of miscellaneous 
lymphomatoid disorders 

The alkaline serum phosphatase was frequently 
elevated m Hodgkins disease, but less often m 
lymphosarcoma and the leukemias Abnonnah- 
ties in the aad serum phosphatase were not found. 

Elevated serum phosphatase values occurred in 
many patients having symptoms referable to the 
bones, although no bone changes were demonstra- 
ble roentgcnographlcally Some of these patients 
later developed demonstrable lesions 

Bone changes probably occur much more fre 
quently than the incidence of overt lesions 
mdicates 

A persistently elevated scrum phospliatase m a 
case of Hodgkm's disease probably mdicates mva- 
sion of bone 
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PREaPITIN STUDIES IN NEPHROSIS AND NEPHRITIS 
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In a previous paper (1) measurements by the 
quantitative preapitin method were reported 
which demonstrated an immunologic difference 
between normal scrum proteins and the serum 
proteins from a few pafaents during the edema- 
tous stage of nephrosis, the sera from the ne- 
phrotic patients faded to precipitate completely 
wth specific antiscnu Coincident with chmeal 
improvement foUowmg diuresis both albumm and 
globulin regained their normal behavior The 
serum proteins of a few nephritic patients did not 
show such marked failure to react 
Smee the sera from nephrotic patients reacted 
incompletely with anb normal albumin and anti- 
normal globubn sera, it was suspected that the 
part of the protem which reacted had retained 
the serological characteristics of normal protem 
and that the remainder of the protem was changed 
m some pccuhar fashion, TTie altered protem 
disappeared gradually durmg convalescence fol- 
lowing diuresis Hence it ^va3 assumed that dur- 
ing the edematous stage of nephrosis the serum 
proteins were mixtures of normal and altered 
protem with the altered protein usually predomi- 
natmg, after diuresis with chmeal improvement, 
the altered protein decreased m favor of an in- 
crease of the normal protein. 

This peculiar property of the serum proteins 
of nephrotic patients aroused cunosity on several 
pomts Is the change m the serum protein pres- 
ent early m the course of the nephrosis? Can 
the amount of altered serum protein be corre- 
lated with any of the important clinical features 
of nephrosis such as superimposed infection albu- 
minuria cholesteremia or edema? Can an arbi 
trary level of the altered protem be selected which 
will differentiate nephrotic from nephritic sera m 
order to secure more accurate diagnosis and prog- 
nosis m kidney disease m children? What is the 
nature of the altered protem? Is altered protein 
present m the sera of patients with diseases other 
than nephrosis and nephritis? 


The purpose of this report is to present obser- 
vations on a larger senes of patients over a period 
of 3 years in an attempt to answer the above ques 
Uons Twenty three patients with nephrosis and 
17 with nephntis have been studied Frequent 
observations were made on 19 of the nephrotic 
patients until death occurred or recovery ensued, 
m the remaimng 4 cases one observation was made 
for diagnostic purposes only, In 11 of the 17 ne- 
phritic patients prolonged studies were possible. 

In Table I the analyses on the sera of 6 of the 
23 patients with nephrosis are assembled, together 
With some of the pertinent chmeal findmgs The 
values obtamed with the quantitative preapitm 
method are compared with the results by Howe a 
method, the difference between the two values 
was considered to represent the altered protem, 
that 13, the protem which showed abnormal sero- 
logical reaction. The techmes used have been de- 
scribed previously (2) An examination of the 
data reveals that in each patient at some time 
durmg the course of the disease the amount of 
altered albumm was 40 per cent or more of the 
total albumm as determined by Howes method, 
the globulin, on the other hand was unaffected 
m some patients and showed varying amounts of 
altered globulin in others In 17 cases both al 
tered albumm and altered globulin were found 
while m 5 cases the albumm only was affected 

1 Is the change m the scrum proteins present 
early m the course of nephrosis? It is important 
to determme whether the diange m the scrum 
protein appears early enough m the course of ne- 
phrons to be of primary etiologic significance, or 
whether it appears after prolonged albummuna 
or persistent malnutrition has presumably strained 
the mechamsm for the synthesis of serum protein. 
If it could be demonstrated that the altered 
protem were present before albummuna had oc 
curred or before severe malnutntion were a com 
pbcabng factor, it would be justifiable to accord 
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TABLE 1 


Analyses of sera from cases of nephrosis Comparison of Howe’s method and the precipitin method 



Albumin 

Globulin 





Patient ace date 

Howe 

Pre- 

ap- 

Itm 

nor- 

A1 

tcred 

Howe 

Pre* 

dj>- 

itm 

nor- 

Al- 

tered 

Albumin- 

uria 

Edema 

Cholet- 

terol 

Comment 



mal 



mal 







SraiTis per 100 cc 

trams per 100 u 



mrm per 
100 cc 


Anna F 










First attack of edema 

8 years 

October 22, 1935 

1 35 

0 81 


2 12 


1 45 

++++ 

++++ 

842 

Edema present 3 months 

Upper respiratory infection 

February 10, 1936 

0 85 

0 09 




1 34 

++++ 

++++ 

641 

February 19, 1936 
March 5, 1936 

1 72 

iliH 

063 

2 60 



+ 


502 

Diuresis m progress 

2 55 


0 08 

2 72 

4 67 

0 


0 


March 11, 1936 

3 08 

3 24 

0 

284 




0 

363 


Apnl 8, 1936 

3 41 

3 28 

0 13 

2 52 

2 30 

0 22 

+ 

0 

211 


i\fay 6. 1936 

3 76 

3 81 

0 

242 

2 31 

0 11 

+ + 

0 

227 


July 14, 1936 

4 26 

E13il 

0 

2 50 



+ 

0 

203 


September 22, 1937 

5 23 

m 


2 13 

2 70 


0 

0 

195 

Recovered 

C C 










First attack of edema 

3 years 

1 68 









Edema present 4 days 

April 24, 1936 

1 30 

0 38 

2 48 


0 

++++ 

+++ + 

421 

Upper respiratory infection 

April 30, 1936 

2 57 

2 22 

0 35 

2 70 

1 55 

1 25 

+ 



Diuresis in progress 

May 13, 1936 

3 51 


0 

2 11 

1 94 

EIB 


0 

332 

June 3, 1936 

344 

3 29 

0 IS 

2 21 

2 05 

0 16 

+ 

0 

246 


June 17, 1936 

3 11 

3 41 

0 

2 39 

155 

084 

4*+ 

0 

237 


October 3, 1936 

1 95 

1 27 

068 

2 47 

3 75 

0 

++++ 

-h+++ 

490 

2d attack edema Upper respira 









tory infection 

October 13, 1936 

2 47 

1 81 

0 66 

2 43 

3 32 

0 


1 + 

! 543 

Diuresis m progress 

January 8, 1937 

106 

063 

0 43 

2 55 

2 43 

0 12 

++4'+ 

4-+++ 

678 

3d attack edema Septicemia, 









1 

Pneumococcus 6 

January 15, 1937 

1 70 

0 42 

1 28 

2 14 

2 40 

0 

++++ 

1 ++++ 

i 711 

Metastatic abscesses Pneumo- 

4 42 

4 58 

0 

2 54 

2 76 

0 


1 

0 

273 

coccus 6 

February 20, 1937 

November 3, 1937 

4 06 

3 22 

084 

1 69 

1 62 

0 07 


, 0 



January 12, 1938 

4 36 

464 

0 

1 81 

2 60 

0 

4" 

1 0 


Upper respiratory infection 

August 9, 1938 

2 30 

1 73 

0 57 

1 74 

2 24 

0 

++++ 

i =fc 


August 31, 1938 

2 92 

268 

0 24 

2 09 

3 13 

0 

++++ 

1 dc 


4th attack edema Upper re 

October 12, 1938 

1 

1 62 

0 86 

0 76 

244 

2 47 

0 

++++ 

++++ 

1 

912 








spiratory infection 

October 19, 1938 

1 01 

0 83 

0 18 

2 85 

3 47 

0 

++++ 

+++ 

1066 


October 28, 1938 

1 11 

0 56 

0 55 

2 45 

1 73 

0 72 


++++ 

827 


H S 










2d attack of edema 

3 years i 










Edema present 2 months 

May 28, 1935 i 

1 77 

084 

0 93 

2 02 

0 27 

1 75 

++++ 

++++ 

411 

Upper respiratory infection 

June 5, 1935 

151 

0 27 

1 24 

2 26 

1 05 

1 21 

++++ 

++++ 

378 

Otitis media 

June 12, 1935 ' 

1 63 

0 68 

0 95 

2,32 

1 03 

U9 

++ 

++++ 

553 

Bilateral otitis media Multiple 
abscesses. Pneumococcus 6 

July 29, 1935 

197 

1 26 

0 71 

3 68 

4 01 

0 

++ 


178 











Diuresis in progress 

September 25, 1935 
January 29, 1936 

460 

390 

0 70 

2 38 

1 75 

063 

+ 

0 


Readmission Upper respiratory 
infection 

083 

0 59 

0 24^ 

2 36 

03S 

2 01 

++++ 

++ 

379 

February 7, 1936 

1 31 

060 

0 71 

2 35 

260 

0 

++++ 

++++ 

665 

Septicemia and peritonitis Pneu- 

Februari 18, 1936 

109 

0 17 

0 92! 

1 96 

1 76 

1 

OM 

++++ 

+ + + + 

693 

mococcus 23 

Died February 23, 1936 
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TABLE I — ConUnuid 



Albumin 

Gtotmlln 





patient, axe, dnU 

Howe 

Pr»- 

se 

AI 

Urtd 

Howe 

Pr*. 

nor 

Al 

tered 

Albumln- 

oris 

Edema 

Cboks- 

terol 

Comment 



mal 



DUl 







sramt Pfr tOO cc. 

Srams pfT iOO ct 



mpm Ptr 
lOQ «, 


IJ 










First attack of edema 

3t yeani 










Edema present 8 days. 

October 27 1937 

135 


lilK 

2 31 



+ + + + 

-1- + + + 

892 

Upper rcipratory Infection 

No\’ember IS 1937 

1 67 


1 17 

2 17 

2 84 

m 


+ + + + 

635 

Bronchopneumonia Pncumococ 
cus 10 

Diuresis in progress 

November 26 1937 

2,56 


1 56 

2 74 

547 

0 

+ 


410 

Eteceraber 1 1937 

3 12 

2,08 

IfgT 

3 11 

496 

0 

+ 

0 

350 

December 13 1937 

414 

406 

EES 

241 


0 

0 

0 

346 


September 9 1935 

500 

5 12 

0 

1 86 

1 97 

0 

0 

0 

248 

Readmission ToniUIectomy 

October 10 1938 

October 14 1938 

411 

3 68 


2 12 

2 81 

0 

++++ 

0 

333 

2d attack edema Upper rcsplra 
tory infection. 

3,35 

2 86 

0 49 

245 

2 48 

0 

++++ 

0 

357 


October 19 1938 

2 72 

2,25 

0 47 

1 92 

1 93 

0 

+4* + + 

0 

414 



November 1 1938 

1 99 

1,23 


245 

3 72 

0 

+ + + + 

0 

525 


Mild upper respiratory Infection 

November 8 1938 

2,28 

1 45 

1m 

243 

2 73 

0 

+ + 

± 

590 


November 21 1938 

2 70 

idl 

069 

2 41 

299 

0 

+ 


590 



December 2, 1938 
December 17 1938 

3J2 

2 82 

aOMti 

2 13 

1 94 


± 

0 

552 


1 

4 16 

3 87 


ygl 


ly 


0 

333 


L G 






■ 




First attack of edema. 

2 years 






Hi 




Edema present 6 days. 

October 28 1935 

1 98 

0 87 

1 11 

2 73 

060 

EIS 

-H 

+++ 

611 

Mild upper respiratory infection 

November 11 1935 

1 83 

089 

094 

2 61 

0 47 

m 

++++ 

+++ 

758 

Died 6 months later 

1 ^ 










3d attack of edema. 

5 years 

June 22 1934 

1 17 


0 97 


083 

172 

-b+++ 

: -I-+++ 

689 

Edema present 8 months 

Upper respiratory Infection 

Tunc 27 1934 

101 

0,26 

0 75 

2 71 

1 03 

163 

+ H — h-f* 

-b+++ 

718 

July 9 1934 

1 27 

0,31 

0 96 

2 81 

1 02 

1 79 

+ + + + 

: ++++ 

668 


July 14 1934 

1,30 

0 27 

1 03 

240 

084 

I 46 

++ + + 

! -b + 'i" 

599 


Octobers 1934 

0 91 

0J22 

069 

241 

1 17 

1 14 

+ + + + 

: ++++ 

475 


December 13 1934 

2 75 

2J5 

0 42 

2 57 


E£0 

-f- 

0 

378 

Hemolytic streptococcus Infection 

J^uary 28 1935 

3 10 

2 63 

0 47 

2 09 


Era! 

+ 

0 

496 

February 25 1935 

2 36 


0J6 

2 20 

1 10 

He 

+ 

0 



May 13 1935 

3 87 

3^16 

041 

244 


1 17 

+ 

0 


Died June 11 1936 Pentonitis 











and septicemia. Pneumococcus 
20 


the alteration m the protein a significant etiologi- 
cal role. 

Of the 23 nephrotic patients only 5 were ad- 
mitted early enough to provide information on 
this point In the 5 patients edema had first been 
noted from 4 to 21 days preceding admission to 
the hospital for an initial attack of nephrosis 
In no patient was severe infection present either 
at the onset of symptoms or on admission In 
the remainmg 18 children edema had been present 
at least 1 month before admission. In 3 patients 
studies were made 6 8 and 21 days after the 
onset of edema and in all 3 the derangement of 
the serum proteins had already developed to the 
maximum extent The data on 2 of these pa- 


tients L. G and J J are mcluded m Table I 
It 13 Significant that m 2 of these patents edema 
and albuminuria were likewise maximal on admis- 
sion and persisted for some time. In the third 
patient (L G ) however the albuminuria was 
slight on entry 6 days after edema had appeared, 
yet the serum protein derangement was raaximaL 
In contrast m 2 patients m whom studies were 
made 4 and 14 days after the onset of edema the 
serum proteins showed changes of lesser degree 
on admission. Patent C C reported m Table 
I, observed 4 days after the onset of edema pre- 
sented milder changes in the serum proteins, yet 
the clmical findmgs and were '^T^ipiilar 

to those found in patent 
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PRECIPITINS IN NEPHaoSIS AND NEPHRITIS 


IS 



■GS CHOLESTEROL PER 100 CC 

Fi(l 3 Relatiok or Alteict aj<d Nowial Soldu Albouw to Sekum CHOLEsrotoL 


a disturbance in the distribution of globulin sub- patients C. C., J J and A* F in whom the serum 
fractions, as determined by Howe’s method will proteins regained the normal value following dl- 
be reflected m a high prcapitin value As the uresis, the globulin values obtamed by the prcapi- 
stimulus to mfection or regeneration recedes the tm method eventually became normal The fafl- 
globulm sub-fractions graduaUy revert to normal ure to demonstrate significant amounts of altered 
and then the preapitm values are also normal globulin m patient J J and others during the 
Such a senes of changes may be followed m Table edematous stage may be the result of such forces 

I m patients H S and J J where the stimulus No correlaUon could be demonstrated between 

was apparenUy severe infection, and m patients any single globuhn sub-fraction and the excessive 
C C , J J , and A F , when scrum protein was value obtained by the preapitm method The 

regenerating rapidly dunng convalescence In difiiculties mvolved in the separation of the glo- 
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15 2 J ) Z5 3.0 3 5 

RATIO 


Fia 4 Relation ot Serum Cholesterol to the 
Ratio of Cholesterol Ester to Free Cholesterol 
The lines indicate the limits of the ratio for normal 
sera. 


bulm sub-fractions by salt preapitation in highly 
lipoidal serum are legion Satisfactory separa- 
tion could not be obtained in this laboratory even 
with the use of a high-speed centnfuge The 
data obtamed on sera subjected to fractional 
analysis, presented in Table II, show that the 
high preapitin \^ues cannot be related to a 
change in anj one globulin sub-fraction 

3 Can an arbitrarj level of altered protein be 
selected which wall distinguish nephrotic from 
nephritic patients in order to secure more accurate 
diagnosis and prognosis in kidney disease in chil- 
dren^ Seventeen cases of acute glomerular ne- 


phntis were studied m a similar fashion In U 
cases prolonged studies were possible and in the 
remaining 6 cases one or two observations only 
were made The data from a few patients are 
collected in Table III In all cases the altered 
albumin was less than 50 per cent of the total 
albumin by Howe’s method, however, the total 
amount of altered albumin was often as much as 
that found in some nephrotic patients Change 
in the globulin fraction was rarely present and 
was always minimal The contrast between the 
findings in acute glomerular nephritis and in ne- 
phrosis is brought out in Figure 5, in which the 
highest percentage of altered albumin found in 
each patient is charted Three nephrotic sera and 
3 nephntic sera presented between 40 and SO per 
cent of altered albumin In 2 of the nephrofac 
sera presenting such changes an accompanying 
change in the globulin fraction of 40 per cent or 
more appeared at some time during the course of 
the disease The altered albumin in acute glo- 
merular nephntis is always transient, while in 
nephrosis the change usually persists for long 
penods of time In the 2 cases of nephntis in 
which the percentage of altered albumin ^vas 
above 40 per cent on admission, i e , in patients 
J D and R, V , the percentage of altered albumin 
decreased markedly within 3-weeks’ tune 

Thus an arbitrary level of 40 per cent of altered 
protein m the albumin fraction will serve to dif- 
ferentiate between most cases of acute glomerular 
nephntis and nephrosis, while a value of 50 per 
cent or more has been found only in nephrosis 
A sigmficant amount of altered albumin accom- 
panied by a significant amount of altered globulin 
seems to indicate nephrosis as does a persistence 
of a high percentage of altered albumin for a 
month or longer 

It was hoped that the precipitin test would be 
of aid in the differential diagnosis between chrome 
glomerular nephritis with the nephrotic syndrome 
and pure nephrosis Four patients with chronic 
glomerular nephntis were available for stud) 
The data are assembled in Table IV In 2 of 
these patients, M W and A A , vascular damage 
was prominent and nephrotic symptoms were 
mmimal Edema was not marked, the serum al- 
bumin levels were only moderately low, and the 
serum cholesterol level ^Yas only slightly elevated 
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TABLE n 


RdoHon^hp of the vanous gloholin fradUms to the amount of zlobuJin determined hj the preaptUn method 




Hoire * Bjtthod 

Prtdpitla 


Date 








dffcmje 

Ann 1 

tnlfi 

BuflalH 1 
tmn 

PktkIo* 

globulia 

I 

P»«kIo- 
floboUo 1 
II ' 

Total 1 
flolrulin , 

Total 

KlobnUn 

Conuoeot 




tr*Mi ptr iOOcc, 


froau t<r 1 
too cc. 1 


s s 

May 27 1937 

141 

025 

107 ! 

1 12 ! 

244 

200 ! 

Edematouf 

Nephrod* 

September 22 1937 
February 21 1938 

I 19 

1.52 

00 

0 76 

248 

■Hm 

Edematous 


U8 

0 06 

1 14 

096 

2 16 


Edematous 


May 26 1938 

1 81 

0 28 

143 

0 87 

2 48 

iESH 

Edematous 

CC 

April 24 1936 

1 68 

0 18 

145 

1 05 

248 

3 02 

Edematoiu 

Nephrosis 

April 30 1936 
hfay 13 1936 

June 3, 1936 

2.57 

0 15 

1 48 

1 07 

2 70 

145 

Diuresis In progress 


3.51 

344 

0 14 
009 

0 82 
068 

1 10 

1 44 

2 06 
241 

1941 

2051 

1 

Regeneratton of serum protein 


June 17 1936 

3 11 

009 

144 

0 96 

249 

145 



0^ber3 1936 

1 95 

0.26 

i 21 

1 00 

2 47 

3 75 

Edematous 


October 13 1936 

2 47 

0 17 

147 

069 

2 43 

342 

Diuresis In progress 


February 20 1937 
November 3 1937 

I 4 42 
406 

0 17 

0 11 

146 

0 54 

1 11 

1 04 

2 54 

1 69 

2 76^ 

1 62 j 


Regeneration of serum protein 

A F 

February 10 1936 

085 

0 16 

1 17 

0 81 

2 14 

080 

Edematous 

Nepbroti* 

February 19 1936 

i 1 72 

041 

1 15 

1 14 

260 

440 

Diuresis in progresa 


Marchs 1936 

2.55 

0 43 

1 14 

1 15 

2 72 

4 67 



March 11, 1936 

1 308 

0 36 

145 

1 03 

284 , 

349 




Aprils 1936 
?^y 6, 1936 

3 41 

3 76 

0 39 
053 

0 82 

0 79 

141 

1 10 

242 

2 42 1 

240 

24JJ 


Regeneration of serum protein 


July U, 1936 
September 22 1937 

4 26 

054 

090 

1 06 

250 

245 




5 23 

0 04 

142 

0 87 

2 13 

2 70 



I J 

November 15 1937 

1 67 

0 68 : 

1 27 

iSI 

2 17 

1 2 84 1 

Edematous. Bronchopneumonia 

NepbrosU 

November 26 1937 

2J6 

0 49 

146 1 

Km 

2 74 1 

547 


Regeneration of serum protein 

December 13 1937 

4 14 

0 14 

1 43 1 


2 51 I 

500 



September 9 1938 

500 




1 86 

197 J 



M T 

April 23 1936 

May 4 1936 ' 

1 15 

0 18 ' 

048 

0 62 

148 

mm 

■ 


EczenuL. 

2 01 

0 85 ! 

149 

1 23 1 

3 47 


1 

Regeneration of serum protem 

Nutntional 

May 21, 1936 

3 71 

142 

1 45 

0 92 1 

389 

EQI 

■ 


edema 








^JkeratiVB 

May 18 1936 

June 1 1936 

2J2 

3 69 1 

064 

090 

1 60 

1 69 

0 67 ' 

1 15 

2 91 

3 74 

5481 

740 

1 

Regeneration of serum protein 

colhis. 

Malnutri 

June 24 1936 I 

3 74 ! 

1 06 

0 62 

146 

345 

641 J 

1 


tion 









P S. 

April 14 1936 

April 25 1936 

May 12 1936 

1.56 

00 

068 

063 

141 

1 1 70) 


Regeneration of serum protein 

Eczema. 

2 61 

0 17 

0 93 

1 23 

243 

1 2 18 


Nutritional 

4J6 

0 14 

1 02 

1 15 

241 

266 J 



edema 






1 



The serological changes of the serum proteins 
were likewise not marked and there was little 
change m the globulm fraction Both children 
died m uremia. In contrast in the other 2 pa 
tients, E. L, and E P , the nephrobc mamfesta- 
tlons were marked, gencralircd anasarca was 
present, the serum albumm levels were bw and 
the scrum cholesterol was high. In these 2 pa 
tients the serological changes ^vcre marked m 
both the albumin and the globulm fractions 


These patients died of pneumococac septicemia 
and pentombs Thus it is not possible to dif 
fcrenbate between chronic glomerular nephnbs 
(nephrobc stage) and pure nephrosis by the pre- 
apibn method 

4 What IS the nature of the altered protem? 
Previously it had been determined that the failure 
of nephrobc serum to react completely with spe- 
afic antisera was not due to the high cholesterol 
content nor to the distribubon of the globuhn 
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TABLE ni 


Analysts of sera from casts of acuft glomerular nephrUts 
Comparison of Hovels method and the preapitin method 


Patknl, date 

Albumin 

Globulin 

AU 

bumlih 

aria 

Ed^ 

ma 

Cho- 

les- 

terol 

Hok« 

Pre- 

nor 

mal 

At* 

tered 

Hoam 

Pre- 

cip* 

Itin 

no> 

znal 

AL 

tered 










myrn 










per 










100 



enm TXT lOO cc. 




ce. 

E P Syears 










Martbll 1937 

403 

3.26 

0.82 

2 71 

2.78 

0 


0 

217 

March 25 1037 

3^ 

204 

000 

2.40 

2.21 

0X8 

-H-+ 

0 

331 

April 0, m? 

3 74 

319 

0A5 

212 

105 

017 


0 

803 

April 27, 1037 

3S6 

319 

0 67 

1.96 

160 

0X6 


0 

284 

May 18. 1037 

4 41 

3 72 

0 69 

102 

1 65 

0J27 

4- 

0 

306 

JoM 1, 1037 

4 46 

3.52 

0.94 

1S4 

176 

OOS 

+ 

0 

307 

June IL 1037 

4^2 

405 

047 

2.09 

213 

0 


0 

305 

Septenber 22, 1937 

464 

4 19 

045 

211 

2 17 

0 

T 

0 


R. DcQ 11 ythTt 










Friraaryll 1936 

3^ 

3.26 

009 

2 42 

2 40 

002 

+-H- 

-H* 

155 

February 18, 1936 

4J20 

300 

0.30 

3 49 

3 95 

0 

++ 

dr 

213 

Marchs 1936 

417 

4 18 

0 

3.20 

3.20 

0 

db 

0 

216 

March 25, 1036 

444 

8S3 

061 

277 

2S6 

0 

+ 

0 


April 1 1936 

4,20 

4 10 

010 

3.20 

3Ji7 

0 

+ 

0 


April 15 1936 

4^1 

4U 

010 

273 

2.92 

0 

db 

0 

162 

April 29 1936 

4 76 

4 97 

0 

2.82 

312 

0 

db 

0 

162 

hUy 13, 1936 

4 02 

6 01 

0 

2.50 

294 

0 

ri: 

0 

163 

July 1, 1936 

4^ 

4.90 

0 

2J0 

2.52 

0 

zk 

0 

177 

October 2S. 1936 

5^8 

4.95 

043 

2.57 

305 

0 

0 

0 

161 

December 0, 1936 

4 72 

4.51 

0J21 

204 

2.80 

0 

i 0 

0 

156 

January 13, 1937 

4.40 

4 43 

006 

200 

207 

0 

0 

' 0 

167 

L. McM 7 yean 










April 7 1936 

2.95 

2.63 

0.32 

2.80 

294 

0 

+++ 

' + 

210 

April 23, 1936 

372 

306 

066 

302 

2 76 

0X7 


0 

233 

MvlO 1036 

4.37 

3 71 

066 

273 

312 

0 

X 

0 


Jolyl 1936 

4JJ3 

3.90 

OJW 

2.32 

2.33 

0 

X 

0 

154 

October 2S, 1936 

4.71 

466 

OJQS 

2.54 

2,78 

0 

0 

0 


J McO 9 yean 










Nomnber 3 1036 

3 75 

3 48 

0.27 

2 45 

244 

0 

t 

-H- 

206 

NorembcrlO 1936 

4 49 

396 

oja 

2M 

270 

0 

T 

0 


NoTcmbcTl? 1936 

463 

3.90 

064 

2.64 

2.50 

014 


0 

255 

XoTcmbcrSO 1036 

4.60 

3.97 

063 

264 

2 49 

015 


0 

261 

December 6, 1935 

464 

416 

0 48 

2J2 

2.37 

0 

d: 

0 


December 16, 1036 

4 46 

4.34 

012 

2J7 

1S8 

069 

d: 

0 

242 

February 10 1937 

4S3 

LSO 

003 

Z03 

2X0 

003 

0 

0 

214 

April 21, 1937 

4.85 

4 13 

0 72 

169 

175 

0 

0 

0 

205 

J D Sytara 










February 3. 1937 

2.93 

1.50 

143 

306 

306 

0 

0 

++ 

103 

Febmary 11 1937 

364 

1.93 

166 

3 16 

3X4 

0 

0 

rfc 

277 

February 23. 1937 

4.37 

3.66 

0 71 

2.63 

2.48 

0X0 

0 

0 

284 

March 25, 1937 

4.65 

394 

0 71 

2.23 

2X3 

0 

0 

d: 

200 

April 10, 1937 

464 

4.53 

0J)6 

2.24 

1S5 

0X9 

0 

0 

240 

April 16. 1937 

4.60 

4.53 

0.27 

202 

1X3 

014 

0 

0 

209 

^Uy 5, 1937 

445 

3.57 

OSS 

2i»6 

2X0 

0X6 

0 

0 

205 

December 16 1937 

4.90 

4.32 

0.5S 

171 

1X4 

0 

0 

0 

163 

IL \ 10 months 










February 2. 1037 

312 

ISl 

U1 

2.79 

2X7 

0 

d: 

d: 

97 

February 10 1037 

3J3 

2.11 

1J22 

ZJS2 

4.07 

0 

dr 

0 

07 

March 3, 1037 

402 

2.B3 

114 

2.90 

3 07 

0 

d: 

0 

181 

March 20 1037 

3.9S 

2.96 

IXC 

3 74 

4.05 

0 

d: 

0 

204 


sub-fractions It was assumed that the failure 
resulted from the presence of xzrying amounts 
of an altered albumin and an altered globulin, 
uhich were measured b> Howe’s method but 
which were inactnc immunologically to normal 
antisera Support for this assumption has been 
secured m experiments wnth absorbed antisera 
If nephrotic albumin is a mixture of normal albu- 
min and altered albumin, and, similarly, if ne- 


phrotic globulin IS composed of normal and al- 
tered globulin, an antiserum prepared against such 
nephrotic protein should contain antibodies both 
to the normal and the altered protein on one con- 
dition , namely, that the altered protein be capable 
of stimulating antibody production m the rabbit 
If the antibodies to normal serum were absorbed 
out, the resulbng absorbed antisera should contain 
antibodies to the altered protein only The ab- 
sorbed antisera should then become valuable tools 
for the identification of altered protein in various 
pathological sera If an altered protein could be 
demonstrated m nephrotic sera by means of the 
absorbed antisera, the expenments would sup- 
port the conclusion that the serum proteins in 
nephrosis differ from normal serum proteins 

Preparahon of the anUsera Samples of blood 
serum were accumulated over a penod of 3 weeks 
from patient H S at a time when preapitm 
analyses indicated that about 60 per cent of the 
albumin was abnormal From the pooled sam- 
ples the albumin was isolated as previously de- 
senbed (2) and injected into rabbits to produce 
an antinephrotic albumin serum The antibodies 
to normal albumin were then absorbed out by the 
addition of small increments of normal serum 
albumin The precipitate was always removed by 
centnfugation with decantation of the superna- 
tant before more albumin was added, and the 
process was continued until no further precipitate 
was thrown down Theoretically, the absorbed 
antiserum now contained antibodies to the altered 
albumin only 

Similarly, 3 antinephrotic globulin sera were 
prepared from nephrotic globulin isolated from 
patients B G , H S , and J F In these patients 
precipitin analyses at the time the blood was with- 
drawm indicated that about 85 per cent, 70 per 
cent, and SO per cent, respectively, of the globulin 
was abnormal The antibodies to normal glo- 
bulin were then absorbed out by the successive 
addition of small amounts of normal globulin 
After a considerable excess of normal globulin 
had been added, a trace of precipitate continued 
to form It w^s felt that this trace represented 
the interaction with one of the weaker antigenic 
components, and that it could be safely ignored, 
since the antisera were always checked for cross 
preapitatjon with normal globulin before use 
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NEPHRmS NEPHROSIS 



FlC- 5 COMPAJUEON OF THE MAXIMAL QUAXTITIEa OF ALTERED 
Albumin in Nephritic and Nephrotic Patients 


Thus several t 3 rpes of antisera were available for 
study 

1 Anti normal albumin scnira 

2 Unabsorbcd antinephrotic albumin serum 
theoretically containing antibodies to normal albu 
mm and altered albumin 

3 Absorbed antinephrotic albumm scrum theo- 
retically containing antibodies to the altered al 
bumm only 

4 Anti normal globuhn senmL 

5 Unabsorbcd antinephrotic globulin scrum 
which should contain antibodies to normal glo- 
bulin and to altered globulin. 

6 Absorbed antinephrotic globulin serum 
whidi should contain antibodies to the altered 
globulin only 

Tetts wth the various onti-alhumn sera In 
order to study the reactions of normal scrum al 


bumm and nephrotic scrum albumin both sub- 
stances were set up against the 3 anbsera the 
anb normal albumin serum the unabsorbcd anb 
nephrobc albumm serum, and the absorbed anb 
nephrotic albumin serum All tests were per 
formed with approximately 02 mgm. of antigen 
protein and 1 cc, of anbserum m a total volume 
of 3 cc., that IS, withm the opbmum range of the 
anbgcn anbbody rcacbon To guard against 
error the supernatants were always tested for 
excess anbbody The anbgen anbbody preapi 
tates formed were centrifuged, washed twice with 
sahne and the mtrogen content determined by the 
micro-Kjeldahl method as previously described 
(2) The normal albumin used ra the tests had 
been isolated from pooled himian scrum by prea 
pitabon of the globulm at half saturabon with 
ammomum sulphate and subsequent dialyzabon of 
the filtrate against tap Nvater unbl free from sul 
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TABLE lY 


Analyses of sera from eases of chrontc glomerular nephntts Companson of Howe's method and the preetptitn method 



Albumin 

Globulin 





PailenU ace dale 

Howe 

Pre 

dp- 

itfn 

nor 

Al- 

tered 

Howe 

Pre- 

nor- 

Al- 

tered 

Albumin 

uria 

Edema 

Choles 

tcrol 

Comment 



mal 



mal 








trams Per 100 cc 




rnfm per 
too cc 


E L 

May 20, 1936 

1 17 




1 56 

1 46 

++++ 

++++ 

1117 

Edema present 6 months Died 










j 

May 24, 1936 Septicemia Per- 
itonitis Pneumococcus 

E P 

May 5. 1937 

2 26 

148 

0 78 

1 78 

1 01 

0 77 

++++ 

0 

666 

Edema present 4 months After 





j 






diuresis 

June 28, 1937 

1 30 

0 26 

1 04 

1 38 

0 77 

0 61 

++++ 

++++ 

281 

Septicemia Pentonitis Pneu- 


i 









mococcus Died June 29, 1937 

M W 

November 22, 1934 

2 55 

1 94 

0 61 

1 65 

1 10 

0 55 

+++ 

+ 

475 

Edema present 3 months 

March 7, 1935 

3 22 

1 2 81 

0 41 

2 85 

3 07 

0 



270 

Convalescence scarlet fever 

March 14, 1935 

3 27 

' 2 80 

ligH 

2 61 

1 2 78 

0 

++ 

0 

310 


Apnl 10, 1936 

1 74 

0 89 


1 78 

2 56 

0 

++++ 

0 

234 

?Pentonitis Died January 21, 











1938 Uremia 

A. A 

Februarj 6, 1937 

2 51 

1 

1 26 

2 11 

2 24 

0 

++++ 

++ 

193 

Edema present 6 months Sinu 

September 15, 1937 

4 19 

■ 

0 71 

2 27 

2 41 

0 

+++ 

+ + 

282 

sitis Tetany 

Hemiplegia Died December 1, 



n 








1937 Uremia 


phate ion The nephrotic albumin was that which 
had serv^ed in the preparation of the antinephrotic 
albumin serum Only a few tests could be ear- 
ned out with the nephrotic albumin because the 
quantity of matenal was limited, and therefore a 
saline dilution of serum from the same patient 
was substituted in most of the tests The sera of 
the remaining nephrotic patients were hkewise 
merelj diluted wnth saline without further man- 
ipulation The results obtained are depicted in 
Table V 

It is evident from the table that normal albumin 
ga\e an adequate precipitate wth its homologous 
antiserum as well as a fairly good preapitate wnth 
the unabsorbed antinephrotic albumin serum, 
which indicates that the unabsorbed antinephrotic 
albumin serum contains antibodies in moderate 
quantiU to normal albumin Howeier, no pre- 
apitate was obtained wnth the absorbed antine- 
phrotic albumin serum, which proves that all of 
the antibodies to normal albumin w ere completel) 
remo\ed from the absorbed antiserum Now 
when nephrotic albumin w^s set up against the 


anti-normal albumin serum a precipitate was 
thrown dmvn which was less tlian one would ex- 
pect if all of the protem were normal albumin 
If the nephrotic albumin from the vanous pa- 
tients with nephrosis was composed enbrely of 
normal albumin a preapitate of about 300 mgm 

TABLE V 


Reactions of normal and nephrotic albumin with various 
anti-albumin sera 




Albumin antisera 

Nltroffcn in predpltate 

Albumin 

Sample 

Normal 

Nephrotic 

unab- 

•orbed* 

Nephrotic 

abwrbed* 

mffTJ 

221 Normal 

150 Nephrotic 

130 Nephrotic 
200 Nephrotic 
200 Nephrotic 
180 Nephrotic 

Isolated 
H S* 
Isolated 
H S* 

S S 

W S 

G D 

mtm 

306 

132 

088 

in 

034 

mtm 

204 

114 

065 

jnrn 

0 

0 

0 

010 

0 

0 


* Homolo^us ^ith unabsorbed and absorbed anti- 
nephrotic albumin sera 
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of nitrogen would be expected, while actually the 
values obtained were always less When ne- 
phrotic albumin reacted with the unabsorbed anti- 
nephrotic albumin serum a moderate preapitate 
was formed but with the absorbed antinephrotic 
alburmn serum there w’as no precipitate except m 
1 case when a trace was obtained. These results 
may be interpreted to indicate that the altered 
protein in the albumin fraction is not capable of 
stimulating preapitin antibodies in the rabbit 
The experiments need confirmation by the prep- 
aration of antisera to the nephrotic albumin iso- 
lated from other patients 


preparation of 1 of the antisera was set up with 
the anti normal globulm scrum and yielded a 
moderate preapitate with the homologous unab- 
sorbed antinephrotic serum a larger preapitate 
was formed These prcapitates would be ex- 
pected if nephrobe globulin was a mixture of nor- 
mal and altered protem Now when isolated nc 
phrobc globulin was set up agamst the 3 absorbed 
antmcphrotic globulm sera significant prcapitates 
were formed m each instance, irrespective of 
whether the homologous anbgen had served m the 
preparabon of the anbscra Hence, nephrobe 
globuhn isolated from 3 pabents contained a sub- 


TADL* VI 

Riocltons of normal and nophrotu tlobvJtn mth various antt-ilobultn sera 


Gtotmlla utlaeim, 
Nltrofcn In prrdplute 


Globulin 


J236 Normal 
,243 Nephrotic 
JOl Nephrotic 
183 Nephrotic 
J 28 Nephrol 
156 Nephrotic 
185 Nephrotic 
173 Nephrotic 
189 Nephrotic 
191 Nomul 
170 Normal 




I tola ted 

B G • laotated 

S S Edematous April 22 

S S Edematous May 27 

S, S Edematous September 22 

A, B Edematous 

G D Edematous 

T J Edematous 

W S Edematous 

D L, Edema freet 

A, F Edema freef 


Nonnml 

Nepiuotlc* 

iuab*OTb«d 

Nephrotic* 
abeorbedNo 1 

NepbroUc 
abaorbed No. 2 

Nephrptk ab- 
sorbed No 3 

IK CM 


we** 

*ICM 

mpa 

204 

083 

031 

019 

010 

108 

ais 

146 

092 

086 

149 

150 

125 



146 1 


108 

093 

091 

186 

159 

118 

084 

072 

166 

129 

097 



099 


082 



144 


082 



162 


090 



151 


JOSl 



175 

096 

039 ! 

030 

021 


* Homologous with uaabsorbed and abeorbed antmephroUc jlobulm sera (No 1) t Cured nephrotic patients. 


Tests wtth the vanotu anh-globuhn sera. Sun 
ilarly in order to compare normal globulin and 
nephrobe globuhn both substances were set up 
against the various anti-globubn sera the anb 
normal globulm serum the unabsorbed anbne- 
phrobc globulm serum and the 3 absorbed anti 
nephrobe sera. The assembled data in Table VI 
reveal marked deviabon from the analogous al 
birnun studies m some respects Normal globulm 
reacted with its homologous anbserura wth the 
unabsorbed anbnephrobc globulin serum a mode- 


stance which is not found in normal globuhn and 
which sbmulated preapitin anbbody formabon m 
the rabbit 

Sera from nephrotic pabents were now diluted 
with saline without further raanipulabon and set 
up against the vanous anb-globulm sera, the re- 
sults are included m Table VI The results were 
analogous to those obtained with the isolated ne- 
phrotic globuhn m all pabents with generalized 
anasarca i.e prcapitates of about the same mag 
Ditudc ^vcre formed with the absorbed anbne- 
















22 


E GOETTSCH AND J D LYTTLE 


normal globulin This findmg \vzs predictable as 
an examination of Table I shows that the serum 
of patient A F showed no altered globulin 
Is altered protein present in the sera of patients 
with diseases other than nephrosis and nephntis^ 
Previous studies of a few patients ^vlth edema 
from other causes than nephritis or nephrosis and 
a number of dogs with experimental nutnbonal 


edema had failed to disclose significant amounts 
of altered protein in the sera These studies have 
now been extended to include patients exhibiting 
any one of the disturbances which cliaractenzc 
the nephrotic syndrome Two eczematous pa- 
tients with nutntional edema resulting from in- 
sufficient ingestion of protein were included as 
examples of severe malnutrition in allergic indi- 


TABLE VII 


Analyses of sera from cases of malnutrition, hypothyroidism, or hepatomegaly 

precipitin method 


Comparison of Hoxoe*s method and the 



R T 
11 >ears 


L M 
9 >ears 


W H 

16 months 


C E 
6 years 


W L 
11 vears 
N A 
5 >ears 


E J 

4 \’ears 


J R 

2 months 


J G 

20 months 


M T 

6 months 



Disease 

Date 

Laennec's 

cirrhosis 

March 8, 1937 

Apnl 15, 1937 

Apnl 19, 1937 

Laenncc*s 

arrhosis 

March 26, 1936 

Hepatitis 

March 8, 1937 

? Cirrhosis 

September 14, 1937 

? Li\ er 
abscess 

November 20, 1936 

Amyloidosis 

Apnl 20, 1937 

? Banti’s 
disease 

December 4, 1937 

Aplastic 

anemia 

December 4, 1936 

Syphilitic 

hepatitis 

March 22, 1937 

H> poth>- 
roidism 

February 5, 1936 

Nutritional 

edema 

Apnl 23, 1936 

Maj 4. 1936 

June 1, 1936 

Nutntional 

edema 

March 19, 1937 

Apnl 5, 1937 

Nutntional 

edema 

Apnl 14, 1936 

Apnl 25, 1936 
^^a> 12, 1936 

UIcerati\'e 

colitis 

Nutntional 

edema 

Ma> 18, 1936 

June 1, 1936 

June 24. 1936 



Predp- 

Howe itin 




Pseudo- Pseudo 

Altered Clobulln globulin 

ulin J jj 


2 27 2 34 

1 56 1 61 

1 39 1 32 


3 58 1 0 32 I 4 20 8 03 


prams per tOO cc 

0 1 0 32 




4 71 0 60 1 90 1 12 0 78 0 0 59 1 31 


3 07 0 67 5 47 11 34 0 2 19 2 36 0 92 


1 78 1 00 3 03 S 41 0 0 65 I 09 1 29 

4 84 0 23 2 29 2 60 0 0 30 0 89 1 10 


3 14 0 02 3 41 7 00 0 0 82 1 86 0 73 


3 20 0 30 3 27 3 22 0 05 


4 37 0 71 1 50 0 99 0 51 


0 73 0 42 1 38 2 02 

0 96 1 05 3 47 5 10 

2 60 in 3 89 8 72 



1 66 0 19 1 43 0 95 0 48 

2 78 0 1 68 0 89 0 79 


1 70 
2J3 2 18 
2 31 2 66 


1 61 0 91 2 91 5 38 

3 IS 0^ 3 74 7 40 

3 80 0 3^5 6 51 



2 18 0 15 

2 66 0 
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viduals One patient with ulcerative colitis ex- 
hibited hypoproteinemia because of failure to 
absorb ingested protein One patient with hj^X)- 
thyroidism was selected because of the high ^ol- 
cstcrcmia Since the liver is supposed to share in 
the s 3 nithesis of serum protein, a number of pa- 
tients with vanous types of severe hver damage 
were investigated The data arc assembled m 
Table VII 

In none of tlic patients were maximal amounts 
of altered protein encountered, nevertheless in 
the 2 patients with nutritional edema due to an ex- 
treme degree of hypoproteinemia, the values found 
were at the lower level of the empincal borderline 
selected to differentiate nephrotic sera In 1 of 
these patients T ^vlth a total protein of 2J3 
grams per 100 cc. of serum, there was 48 per cent 
of altered albumin. In a similar patient, T D , 
with a total serum protein of 3 58 grams per 100 
cc, the albumin was normal but the globulm re- 
vealed 47 per cent of altered protem 

In no case of severe liver damage analyzed was 
there a sigmficant amount of altered albumin or 
altered globulin In 1 patient W L , the altered 
albumin \vna found to be 36 per cent, this cluld 
wTis in the terminal stage of tuberculous ententis 
with severe malnutntion and amyloidosis subse- 
quently proven 1^ autopsy The globulm values 
obtamed by the precipitin method m the cases of 
hver damage were usually high since the cuglobu 
lin and pseudoglobulm fractions were also high 
(1), and in no case w'as there an apprcaable 
amount of altered globulin 

Sera from most of the patients wnth liver dam- 
age w^cre tested against the 3 absorbed antine 
phrotic globuhn sera to determine whether the 
globuhn from these patients contained any of the 
altered protem found m nephrosis No reaction 
occurred and the conclusion seems justified that 
m the patients with hver damage the serum globu- 
lm IS not identical with that found in nephrosis 
Further studies arc necessary before an mterpre 
tation of the results m terms of the relation of 
altered protein to the etiology of nephrosis can be 
hazarded It would seem however that even m 
extremely severe states of malnutrition repre- 


sented by such patients as M T , T D , and J S , 
without liver disease, and R. H and W L, with 
liver damage changes m the serum protem never 
reacli the maximal values so commonly found m 
nephrosis 

CONCLUSIONS 

In the sera of 23 cases of nephrosis exammed 
durmg the edematous stage the quantitative pre- 
apitin metliod revealed evidence of an altered 
protein in the albumm fraction which was usually 
assoaated with an altered protein in the globuhn 
fraction Maximal amounts of altered protein 
may be present very early m the course of the 
disease The altered protem persists for long 
penods of time. 

The patients whose sera show maximal amounts 
of altered protem are not more susceptible to 
supenmposed mfection than those with lesser 
change no relation could be demonstrated be- 
tween the amount of altered serum albumin and 
the albummuna cholesteremia, or edema 

Quantitative preapitm studies on the sera of 
17 cases of acute glomerular nephntis revealed 
minimal amounts of altered protem m the albumin 
fraction with rarely any assoaated altered globu- 
lin. The changes were transient 

Evidence has been presented in support of the 
assumption that the failure of the protem of 
neplirotic serum to react completely with rabbit 
antisera is due to the presence of altered protein 
m the albumm and globuhn fractions The al 
tered protein m the globuhn fraction of 3 patients 
forma antibodies when injected into the rabbit 
which do not react with normal globulin the anti- 
bodies react with nephrotic sera dra\vn dunng the 
edematous stage of nephrosis but not with the sera 
of cured nephrotics The altered protein m the 
scrum albumm of 1 patient was not capable of 
stimulating antibody formation in the rabbit 

No evidence \vas obtamed from predpltin 
studies on the sera of patients with vanous dis 
cases other than nephrosis to mdicatc that severe 
malnutntion hypothyroidism or hver damage 
causes serological changes of the same magnitude 
as those found m nephrotic patients 
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The nature of the artenolar resistance and its 
distnbubon in the body remain the fundamental 
problem in the study of arterial hj^pertension m 
man Since the cardiac output is normal m this 
state (1), the average artenolar resistance*’ at 
rest must be increased The extent to which the 
pcnphcral resistance is increased m vanous tis- 
sues can be determined by companng the blood 
flow in the different tissues in both normal and 
hypertensive subjects imdcr similar conditions 
If m arterial hypertension the penpheral resist- 
ance in any one part is not increased the blood 
flow m that part will be greater than in normal 
subjects 

Smec the cardiac output at rest is normal in 
arterial hypertension, the "average tissue blood 
flow ’* must also be normal This has been con- 
firmed by the demonstration that in hypertensive 
subjects the blood flow is normal m the hand and 
forearm (2, 3) While it is of interest to gather 
further information on the ‘ resting ’ blood flow 
m other organs m normal and hypertensive sub- 
jects, It 15 of particular importance to ascertam 
whether the mcreased peripheral resistance in 
artenal hypertension can be lowered to a normal 
level m any one organ by potent vasodilating 
stimuh If the mcreased penpheral resistance 
which exists at rest m arterial hypertension can 
be lowered to normal in any one organ as mam 
fested by a faster blood flow than is present m 
that organ m normal subjects under similar con 
ditions, then the mcreased penpheral resistance 
at rest is the result of functional vasoconstne- 
tion, and is not the result of permanent irre 
vcrsible structural changes m the vessels If the 
increased penpheral resistance present in arterial 
hypertension, however, cannot be reduced to nor 
mal by powerful vasodilating stimuli, as mdicatcd 
by the finding of the same blood flow in the tis 
sues of both normal and hypertensive subjects 
when the vessels are maximally dilated then there 
arc at least two obvious explanations The chemi- 
cal or other factors, which cause the vasoconstne- 


tion and the increased peripheral resistance, re- 
mam active m the presence of the vanous physio- 
logical stimuh applied and prevent the vessels 
from dilating as widely as normally, or the m- 
creased penpheral resistance is the result of per- 
manent structural changes and therefore, the ves- 
sels cannot dilate as widely as normally 

Other investigators have shown that the m- 
creased penpheral resistance, which is present m 
the usual types of climcal artenal hypertension, is 
not reflex or neurogeme m ongim Prinzmetal 
and Wilson (2) demonstrated that on eliminatmg 
the vasoconstnetor influences by heating the body, 
or by novo cami ration of the sympathetic ganglia, 
the blood flow m the forearm m subjects with 
artenal hypertension increased as much as, but 
no more than in normal subjects They con 
eluded therefore, that, as the penpheral resist- 
ance remained mcreased m artenal hypertension 
after the removal of all vasconstnetor impulses, it 
could not be neurogeme m ongin. Recent work 
however has shown that the method used by 
Pnnzmetal and Wilson for determining the blood 
flow m the forearm measured not only the artenal 
inflow m the forearm, but also a considerable 
portion of the venous Hood returning from the 
hand (4, 5) 

Using a calorimeter, Pickenng (3) measured 
m both normal and hypertensive subjects the 
blood flow in the hand after the ehmination of 
vasoconstrictor impulses by heating the body 
This procedure produced the same increase in 
blood flow m both the normal and hypertensive 
subjects He concluded, therefore that the in 
creased penpheral resistance m artenal hyperten- 
sion was not neurogenic m ongm These mvesti 
gators (2, 3) hTcewisc observed that the mcrcase 
m blood flow m the forearm after artenal occlu- 
sion was the same m normal and hypertensive 
subjects Both of the above studies (2, 3) 
dearly shoivcd that, m the usual climcal types of 
hypertension the penpheral resistance m the 
hmid and forearm was increased at rest and that 
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while the vessels were capable of dilating m re- 
sponse to the stimuli employed, they never dilated 
to as great an extent as did normal vessels under 
similar circumstances It 'was possible, however, 
that the high peripheral resistance present m the 
skin in artenal hypertension had not been reduced 
to normal because the stimuh employed had not 
produced maximal dilatation Observations of 
the blood flow in the hand and foot (6) have 
shown that heating the body 'was usually not as 
effective a stimulus for inducing complete vaso- 
dilatation as was the combination of local heat to 
the skm and heating the body, which was pro- 
duced by plaang the parts to be studied in a water 
bath at 43® C 

The present investigation has been earned out 
to determine with reliable methods whether the 
high average arteriolar resistance, which is pres- 
ent throughout the body at rest m artenal hyper- 
tension, can be reduced to normal in any one tis- 
sue by the use of appropriate local vasodilating 
agents The skin of the hand and foot, the mus- 
cles of the forearm, and the brain were the tissues 
selected for study In order to determine to 
what extent permanent structural changes m the 
vessels entered into the production of the in- 
creased peripheral resistance in arterial hyperten- 
sion, the peripheral blood flow was studied m 2 
hypertensive subjects both before and after the 
high artenal pressure had been greatly reduced by 
malaria These 2 subjects also offered a good 
opportumty for studying the vasomotor reflexes 
in the same persons at two widely diflferent levels 
of arterial pressure 

METHODS 

Since a gi>cn \^odiIating stimulus is not uniformly 
effective m all parts of the body (5), different means 
were used for produang \ asodilatation m the skm, 
muscle, and brain. 

Vasodilatation was obtained in the hand and foot by 
maintaining the water baths m plclhysmographs at a 
temperature of 43“ C As two parts (both feet, or hand 
and foot) were usua!l> studied at one time, the subjects 
became hot enough to sweat, and the vasodilating effect 
of the local heat w’as supplemented by the effect of 
heating the bodj as a w hole. The blood flow m the hand 
and foot was measured by plcthysmographic methods 
(7, 8) and reco-ded as cubic cenumeters per minute per 
100 cc. 01 tissue. As previousI> staled (6), when the 
vessels arc wideb dilated, the mflow cur>es arc much 
more accurate in the foot than m the hand. This is the 


result of the slower blood flow and the relatively greater 
\cnous bed in the foot, and of the higher hydrostatic 
pressure m the foot plethysmograph. Each determina- 
tion consisted of an average of five separate tracings, and 
three or more separate determinations were made at 5- 
minute intervals until the blood flow became constant 
The subjects rested on a table in the horizontal position 
with the water m the plethysmographs at a temperature 
of 43® C for at least 30 minutes before readings were 
taken The room temperature was not carefully con- 
trolled because when the parts studied were immersed in 
water at 43® C ordinary variations m room temperature 
did not appreciably influence the blood flow 

The vessels of the muscles of the forearm were dilated 
by a combination of exerase and arterial occlusion. The 
blood flow m the forearm was measured in the plethys- 
mograph described by Lewis and Grant (9), and re- 
corded as cubic centimeters per minute per 100 cc. of 
tissue. A cuff distal to the plethysmograph was inflated 
to 300 mm Hg before the blood flow was measured in 
the forearm The subjects compressed a firm rubber 
bulb every 5 seconds for 3 minutes During the period 
of exercise blood was prevented from entering the fore- 
arm by inflating a cuff on the upper arm to 300 mm Hg 
After the exercise had been completed the proximal oc- 
cluding cuff was rapidly deflated, and the first rapid in- 
flow of blood into the forearm \vas measured. It was 
essential to measure the first inflow of blood, because 
after a few seconds the veins emptying the forearm be- 
came so engorged that the application of the ** collecting 
cuff” produced a fluid wave large enough to distort the 
inflow curves 

The vessels of the brain were dilated by progressively 
decreasmg the blood flow to the bram by plaang the sub 
jects in the upright position after the oral ingestion of 
018 gram (3 grams) of sodium nitrite (10) Syncope 
was induced m both normal and hypertensive subjects, 
and the level of the arterial pressure at which syncope 
occurred was recorded. The occurrence of syncope indi- 
cated that the blood flow through the brain had fallen to 
approximately the same level in both hypertensive and 
normal subjects Therefore, the artenal pressure at 
that time indicated whether comparable vasodilatation 
had taken place in the brains of the two groups 

Two subjects with artenal hypertension and syphilis 
were given malana. In both instances a marked, tem- 
porary fall in arterial pressure occurred. The blood flow 
m the foot at 43® C and the vasomotor reactions m the 
foot were measured before and after the fall in arterial 
pressure. In 1 subject the blood flow m the forearm 
after exercise was measured before and after the decrease 
m arterial pressure. 

RESULTS 

Subjects investigated Sixteen patients with 
artenal hypertension were studied The average 
age of this group was 43 years The average sys- 
tolic pressure was 206 mm Hg, the highest 270 
mm and the lowest 162 mm , the average dias- 
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tolic pressure was 131 mm , the highest 162 mm , 
and the lowest 110 mm Oimcally, the patients 
were divided as follows 3 cases of malignant hy- 
pertension following pyeloncphntis, 5 cases of 
malignant hypertension of unknoivn etiology, 8 
cases of essential hypertension As all the cases 
did not have complete genito-unnary studies, 
some cases of hypertension from pyelonephritis 
may have been overlooked No manifestations of 
failure of the heart were present at the time of 
examination There were no cases of acute glo- 
merular nephritis or, as far as could be deter- 
mined, of chrome glomerular nephritis Pulsa- 
tions m all tlie peripheral vessels were easily pal- 
jxible ivith the exception of 1 case of essential 
hypertension in whom the postenor tibial pulse in 
the left foot was not felt 

Blood flow tn the sktiu The blood flow m the 
foot with the vessels dilated by local heat of 43° 
C averaged 21 7 cc per nunute per 1(X) cc. of 
foot m 29 feet from 16 subjects with arterial 
hypertension The greatest flow was 34 cc. and 
the lowest 14 cc. In a previous study (6), the 
average blood flow in 48 feet from a group of 
34 normal subjects ranging m age from 17 to 67 
years was 17 1 cc. per minute per 100 cc. of foot 
The average foot flow in the hypertensive group 
^vas 27 per cent faster than m the normal group 
The normal subjects however, had a wide age 
distnbution, while 14 out of the 16 hypertensive 
subjects were between 30 and 50 years of age 
When the values for the blood flow, therefore 
are broken down into corrcsponclmg decades as 
m Figure 1 it is clear that the blood flow in the 
foot, with the vessels dilated by heat, is not sig 
niflcantly less in normal than in hypertensive 
subjects. In these patients there is no apparent 
correlation between the etiology of the hyper 
tension and the blood flow in the foot In 4 of 
these hypertensive subjects the average blood flow 
m the h^d at 43° C was 31 cc, per minute per 
100 cc, of tissue. In 18 normal subjects (6) the 
average hand flow at 43° C was 32 cc. Agam 
the blood flow m the dilated hand is not sigmfi 
candy different in normal and m hypertensive 
subjects 

The simultaneous dctcrraination of the blood 
flow in the hand and foot at 43° C in these cases 
of arterial hypertension demonstrates the fallacy 
of drawing conclusions about the general state 
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Barred coluimu rcprcjcnt normal, wUd represent hy 
pertennve suhjcctj- There was no significant difference 
io the blood flow m the foot m the two groups. 

of the penpheral resistance from studies of the 
blood flow in one part of the body Thus the 
foot flow at 43° C in 1 subject E. P averaged 
34 cc This value was very high but the blood 
flow m the hand at 43° C and the blood flow 
through the brain as estimated by the oxygen 
difference between arterial and mtemal jugular 
blood were normal 

Blood flow tn the muscle The blood flow m 
the muscles of the forearm after a standard 
amount of exercise was measured m 6 normal 
and 3 hypertensive subjects. While the stand- 
ardization of the exercise was not exact it did not 
seem advisable to make it more prease, smee the 
variations m amount of muscle m the forearm 
and m the general physical training of the sub 
jects were factors beyond controL During the 
penod of excrosc blood was excluded from the 
forearm m order to secure maximal dilatation of 
the muscle vessels m as short a time as possible. 
The water bath surrounding the forearm was 
raamtamed at 30° C While the 3 minute period 
of artenal occlusion undoubtedly caused some m- 
crease In blood flow in the skm at the temperature 
selected vasodilatation in the skin was far from 
maximal and, hence most of the nse m forearm 
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flow was the result of an mcrease in muscle flow 
The exercise, which consisted of compressing a 
firm rubber ball every 5 seconds for 3 minutes, 
was sufficient to tire the muscles of the forearm 
and usually caused a rise in the arterial pressure 
m both normal and hypertensive subjects Thirty 
seconds before the end of the exerase the average 
arterial pressure m the normal subjects was 124 
mm systolic and 85 mm diastolic In the hyper- 
tensive subjects at a similar time the average ar- 
terial pressure was 229 mm systolic and 147 mm 
diastolic In the 6 normal subjects the blood flow 
immediately after exerase averaged 26 5 cc per 
minute per 100 cc of forearm, with extremes of 
25 cc and 28 cc In 3 hypertensive subjects the 
blood flow after exercise averaged 312 cc , with 
extremes of 30 cc and 33 cc The average blood 
flow immediately following exercise was 18 per 
cent faster in the hypertensive than in the normal 
subjects The hypertensive subjects, however, 
were not in as good general physical condition as 
the normal subjects and, though the exercise was 
nearly maximal for the hypertensive subjects, it 
did not completely tire out the muscles of the 
forearm in the normal persons The experiment 
was, therefore, repeated in 1 normal subject in 
whom the blood flow after exerase had been 25 
cc This time the exerase penods were spaced 
at 15-minute instead of 30-minute intervals, so 
that after the third trial the exercise became as 
nearly maximal as it had been in the hypertensive 
group Under these conditions the forearm flow 
was 33 cc , indicating that m the previous expen- 
ments on the effect of exerase m normal subjects 
maximal dilatation of the vessels had not been 
obtained It is, therefore, concluded that under 
the maximal effect of the vasodilating factors 
present in exerase the blood flow is essentially 
the same in normal subjects and in patients with 
arterial hypertension 

Blood flow in the brain As calculated from 
the Oj differences between artenal and internal 
jugular blood, the blood flow through the resting 
brain is normal m subjects wth artenal hyper- 
tension (11) These expenments do not demon- 
strate, howe\er, whether the cerebral \essels can 
dilate to a normal degree under physiological 
stimuli A progressiNe reduction in blood flow to 
the brain was selected as the best means for pro- 
ducing \TL::odilatatioa m the bram It has been 


demonstrated experimentally that in cats cerebral 
** anemia ** produced by clamping the carotid ar- 
tenes or by a sudden, extreme fall m blood pres- 
sure caused dilatation in the vessels of the pia 
(12) Wolff and Lennox showed that this vaso- 
dilatation occurred as the result of an increase in 
carbon dioxide content of the blood, and that it 
could also be produced by the introduction of 
other aads into the blood (13) It has also been 
demonstrated (14) that the cerebral vessels in 
man dilate when the carbon dioxide content of 
the blood is increased or when marked anoxemia 
is produced 

If cerebral anoxia is induced by the oral ad- 
ministration of sodium nitrite m the upright posi- 
tion (10), the subjects should faint at approxi- 
mately the same level of artenal pressure if the 
vessels of the brain of the hypertensive subjects 
are capable under such conditions of dilating to 
a normal degree If, on the other hand, they 
cannot dilate to the same degree as do normal ves- 
sels, fainting should occur at a higher level of 
artenal pressure In the 3 hjrper tensive subjects 
tested, the patients developed signs of cerebral 
anoxia wth artenal pressure levels of 210, 170, 
140 mm systolic and 130, 100, 118 mm diastolic, 
respectively In a series of normal controls, 
symptoms of cerebral anoxia did not develop until 
the systolic pressure had fallen to around 70 mm 
Hg In these cases of arterial hypertension, 
therefore, the penpheral resistance in the bram 
could not be lowered to normal level by inducing 
cerebral anoxia. 

Reduction of the arterial pressure after malaria 
Two subjects with arterial hypertension were 
studied both before and after malaria therapy 
The first case, M F , was a 30-year-old, white 
female, whose arterial pressure m January, 1937, 
was 140 mm systolic and 100 mm diastolic In 
January, 1938, the arterial blood pressure was 200 
mm systolic and 130 mm diastolic The pe- 
ripheral vessels and the vessels of the fundi were 
normal The heart was not enlarged, Pyelo- 
grams were negative The clinical diagnosis was 
essential hjrpertension The patient also had cen- 
tral nervous system syphilis with a paretic gold 
curve She was given two courses of malarial 
therapy, the first m 1938, and the second in 1939, 
and each time the artenal pressure became much 
lower, both dunng and for some time after the 
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Fig. Z Thx Bux3d Flow in the Foot at 4J C in Patient L£, F 
The artemi pre«ure on two occaiioni waj dccrcaicd during and for some time 
after a coune of malaria. The blood flow in the foot dul not decrease as the arterial 
pressure fell. Solid line = nght foot broken Ime *= left foot 


course of malana. The blood flow m the foot 
showed no significant change when the arterial 
pressure fell (Figure 2) 

In the same patient on two occasions the blood 
flow m the forearm after exerasc was 33 cc, and 
32 cc. respectively, when the artcnal pressure was 
240 mm. systolic and 150 mm diastolic After 
the second course of malaria the blood flow in 
the forearm after exerasc was 35 cc. when the 
artenal pressure was 150 mm. systolic and 110 
mm. diastohc. 

The second patient was a 44-ycar-old colored 
woman who had hypertension for at least 4^ 
years before her entry into the hospital m De- 
cember, 1938 The vessels of the fundi showed 
marked narrowing The penphcral vessels were 
diflfiiscJy thickened and the left postenor tibial 
pulse was not palpable. The heart was moder- 


ately enlarged The Wassermann was positive. 
The clinical diagnosis ^va3 essential hypertension 
and latent sjr^hilis The arterial pressure was de 
creased during and for some time after the 
course of malaria. The blood flow m the foot at 
43° C decreased when the artcnal pressure fell 
(Figure 3) 

In both cases malana caused a marked re- 
duction m the artenal pressure at rest In the 
first case the increased penphcral resistance had 
not resulted m any structural changes m the ves 
sels In the second case however permanent 
structural changes had occurred. 

Vasonwtor reaciiom tn artenal hypertension 
In subjects wth artenal hypertension sensory 
stimuh such as noise pinch or deep breath, pro- 
duced vasoconstnction in the hand and foot 
These reactions were qualitatively and quantita 
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Fig 3 The Blood Flow ik the Foot at 43® C in Patient D M 
The arterial pressure was decreased during, and for some time after, a course of 
malaria. The blood flow in the foot became slower when the arterial pressure de^ 
creased. Solid line = right foot, broken Ime = left foot 


lively similar to those occurring m normal sub- 
jects Vasoconstrictor responses were also ob- 
tained in 2 subjects both before and after the 
arterial pressure was lowered by a course of ma- 
lana. There was no diflference m the vasomotor 
responses in the same subject at the two widely 
different levels of artenal pressure (Figure 4) 

DISCUSSION 

These experiments demonstrate that the aver- 
age penpheral resistance m artenal hypertension 
IS increased fairly uniformly m the skin, the mus- 
cles, and the brain, and that it cannot be lowered 
lo normal le\els by strong, physiological dilating 
agents Studies of renal function in artenal hy- 
pertemjion (15) have shown that the penpheral 
resistance is also increased m the ladney because 
the blood flow m the kidney, as determined by 
the urea or creatinine clearance tests, is no faster 


m hypertensive than m normal subjects The 
measurement of the blood flow and the peripheral 
resistance m the splanchnic area m man is not 
practicable as yet However, since in artenal 
hypertension the penpheral resistance is increased 
m the skm, muscle, bram and kidneys, and since 
the cardiac output is normal, one can assume that 
the blood flow m the splanchnic area is the same 
as m normal subjects, and that, therefore, the 
penpheral resistance in the splanchnic area is not 
raised to a greater degree than m the other tissues 
The finding of a uniform increase m peripheral 
resistance m the skm, brain and muscle is strong 
evidence against the neurogenic vasomotor ongin 
of the usual clinical types of artenal hypertension 
The amount of vasomotor activity vanes greatly 
m these three tissues Vasoconstnetor impulses 
play a large part m the regulation of the blood 
flow in the skin of the hand and foot, they play 
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a minor part in the regulafaon of the blood flow 
in tlie brain and as far as is known they play no 
part m regulation of blood flow in the muscle 
Therefore it is very unlikely tliat any abnonnality 
of the vasomotor s>stcm, or any increase in sensi 
tivity of the vasomotor system would produce the 
same relative mcrease m the penpheral resistance 
m these three tissues which normally show such 
a great difference in vasomotor activity 


formed which counteracted the effect of a vaso- 
constnctor substance or influence or because a 
vasoconstnctor substance \va3 no longer formed, 
^vas neutrahzed or excreted 
Although the behavior of the penpheral arcula- 
tion at rest appeared to be identical m these 2 
subjects the response of the vessels to vigorous 
dilating stimuli -was different In the case of 
F , the blood flow m the foot at 43° C , and 



Fig, 4 Vasoconstbictor Response in Left Foot of Patient D M Induced by a Deep 

Inspiration 

The vaiomotor responses to sensory stimuU did not change when the artenal pressure fclL 
Note that the calibrauoa of the recording bellows differs In A and B 

A Before roalana — arterial pressore was 200 nun* systobc and 140 nun diaitobc. 

B After malaria — arterial pressure was 120 mm. systobc and 98 nun diastolic. 


These experiments on the blood flow m the 
skin muscle and brain do not demonstrate 
whether the mcreased penpheral resistance in h) 
pertension results from a humoral vasoconstnetor 
substance, or from permanent structural changes 
m the vessels Tlie subjects who were given 
malana throw some light on this problem 
In the 2 patients who were given malana, suf 
fiaent vasodilatation occurred at rest to produce 
a marked decrease m artenal pressure. The 
blood flow at rest was adequate as shown by w arm 
extremities full pulse and adequate output of 
unne No information ivas obtained however 
as to whether this vasodilatation took place be- 
cause a powerful vasodilator substance was 


m the muscles of the forearm after exercise, did 
not decrease with the fall m artenal pressure be 
cause permanent structural changes m the vessels 
had not taken place. Therefore when the hypo- 
tlictical vasoconstrictor substance which had 
caused the mcreased penpheral resistance and the 
hypertension was no longer active the vessels 
were able to dilate more fully in response to van 
ous physiological stirauh and to mamtain the same 
blood flow with a lower pressure head. In the 
second subject D Ivl the blood flow in the foot 
at 43° C decreased when the artenal pressure 
fell because there were permanent structural 
changes m the vessels Therefore even when the 
hypothetical N^oconstnetor substance onginally 
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causing the increa^je in peripheral resistance \\'as 
not actue, the \esscls were not able to dilate suf- 
ficientl> in response to heat to compensate for the 
fall in arterial pressure 

In both of these cases, however, the arterial 
h}pertension resulted from active vasoconstric- 
tion, presumabl) humoral in origin rather than 
from structural changes in the vessels because, 
even in the second case which had developed per- 
manent vascular damage, sufficient vasodilatation 
occurred to reduce the arterial pressure when the 
reversible factors causing the original high arte- 
rial pressure were not activ^e 

The \asomotor responses in the hand and foot 
to sensor} stimuli were similar both qualitatively 
and quantitatively m normal and in hypertensive 
subjects In the 2 h}pertensive subjects who 
show ed a marked fall in arterial pressure sensory 
stimuli produced vigorous vasoconstriction re- 
gardless of the height of the arterial pressure 
1 hcse observations are in accord with the findings 
of other observ^ers (2, 3) 

SLMM\RY AND CONCLUSIONS 

1 The increased peripheral resistance present 
m arterial h}pertension cannot be reduced to the 
normal level in the skin of the hand and the foot, 
the muscles of the forearm, or in the brain by 
powerful vasodilating stimuli 

2 The blood flow in the hand and foot at 43^ 
C and in the muscles of the forearm after exer- 
cise shows no significant difference in normal and 
in Inpertensive subjects 

3 In hvpertensive subjects cerebral anoxia 
dues not reduce the peripheral resistance m the 
vessels of the brain to normal levels Therefore, 
in postural experiments after the administration 
ot sodium nitrite, subjects with arterial hypenm- 
Sion develop svneope with a much higher arterial 
pressure than do normal subjects 

4 The finding of a uniform degree of eleva- 
tion of the peripheral resistance throughout the 
budv Is strong evidence against the neurogenic 
ongin ot the usual tvpes ot clinical hvpertensiou 
because the nervous vasomotor control is differ- 
t^iu m e*ach ot the tissues investigated 

5 In 1 subject wnth arterial hv^iertension a 
marked lall m anenal pressure after malaria 


produced no change in the blood flow m the foot 
at 43® C , indicating that no structural changes 
had taken place m the vessels In a second sub- 
ject the blood flow in the foot at 43° C was de- 
creased when the arterial pressure fell indicating 
that permanent vascular damage had occurred 
The arterial hypertension in both of these sub- 
jects originally resulted from active vasoconstric- 
tion In 1, structural changes had later de- 
veloped 

6 Sensory stimuli, such as pinch, noise, and 
deep breath, produce vasoconstriction of similar 
degree in both nonnal and hypertensive subjects 
When the arterial pressure is greatly lowered fol- 
lowing malaria, these vasoconstrictor responses 
remain unchanged 

7 In arterial hypertension the peripheral re- 
sistance IS uniformly raised throughout the area 
of the greater circulation, and it is not increased 
in the splanchnic area to any greater extent than 
in other tissues 

The autliors wish to express their appreciation to Dr 
Soma Weiss for helpful guidance and criticism in this 
work This investigation was carried out with the tcch 
meal assistance of Miss Sophia M Simmons, S B 
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The effect of exercise on the dynamics of the 
Circulation 13 still not preasely known, although 
the subject has been extensively studied Most 
investigators (1, 2, 3 4, 5, 6, 7, 8) have given 
attention to cardiac size, and veiy httle study has 
been directed to the functional capaaty of the 
hearts of individuals who have engaged m ath 
letics The effects of acute cxerase (9) on the 
circulation as well as the consequences of very 
prolonged and strenuous exercise (10, 11 12) 
have been studied The data available up to 1933 
have been reviewed by Stemhaus (13) The ef- 
fects on the arculahon of somewhat less strenu- 
ous and prolonged exercise such as football and 
other college athletics, have not been properly 
estunated. A suffiaent number of the siiool 
population m this countiy engage m college ath- 
letics to make pertinent an evaluation of thar 
effects on the arculation 

In this investigation we have made certain 
studies of the circulation in a group of college 
athletes and compared them with measurements 
made by similar methods m a group of normal m- 
dnriduals engaged m ordinary sedentary occupa- 
tions These latter make up the control group 
In these two groups we have made measurements 
of the artenovenous oi^^gen differences oxygen 
consumption, mmute volume output of the heart, 
vital capacity, cardiac size, arculation time venous 
pressure, artenal pressure and heart rate. 

In the group of athletes there are 14 healthy 
males betiveen the ages of 19 and 23 years All 
were members of a college football team at the 
time these observations were made and most of 
them partiapated also in other athletics such as 
basketball baseball and track “ The members of 

1 Read by title at the Thirty Finrt Annual Meeting of 
the American Soaety for Clinical Invertutadoo, Atlantic 
Chy May 1 1939 

*We wiih to thank Dr WUliam H McCastUnc, Uni 
veriity Medical Officer Columbia Univerdty for hla 
kmdness m referring the itudcntJ to ut, and to expresa 
our appredation to the member* of the football team for 
thdr hearty cooperation In thu Investigatiofl. 


this group had successfully engaged m compcti 
tive school and college athletics for periods of 2 
to 9 years They appeared to be representative of 
those engaged m college athletics 

The control group is comprised of 11 healthy 
males betiveen the ages of 19 and 29 years who were 
engaged m sedentary occupations and indulged in 
no more than occasional mild athletic recreation. 
A complete histoiy was taken and physical ex- 
amination made on all members of both groupis. 
Count of the red blood cells estimation of the 
hemoglobin, Wassennann reaction m the blood, 
and routine examination of the urme were earned 
out No abnormahties of the cardiovascular 
renal system were detected 

METHODS 

The mbjcct* were admitted to the hosphal overnight 
and all observations were made the following morning 
while the individuals were m a basal metabolic state. 
They were all trained to carry out the procedure before- 
hand. Meaiurement* of the cardiac output were made 
by the acetylene method, three tamplcs of ga* bang 
taken, as recommended by GroUman (14) m hi* bode on 
“The Cardiac Output of Man in Health and Disease,'* 
and further elaborated by GroUman, Friedman, Clark, 
and Hamion (15) During the meaturement, the mdi 
vidua! was sitting m a steamer chair (angle 135 ) with 
leg* extended. While resting quietly the radial pulse 
was counted at mtervals of 5 minutes At the end of 
one-half hour the acctylene-air mixture was rebreathed. 
Three sample* of gai were then taken durmg each re- 
breathing period for estimation of the arteriovenous 
oxygen difference. Two periods of rebreathlng were 
carried out 00 each subject Shortly afterwards the 
oxygen consumption was measured with a Benedict Roth 
spirometer After a short mterval, the vital capaaty was 
measured and the height and weight recorded. Then the 
individual rested again, now lying down In succession 
sufficient time bemg aUowcd between each procedure for 
the patient to return to a basal metabolic state, an elec 
trocardiogram was taken, the arm to-tongue arculatjoo 
time recorded, the venous pressure estimated, and the 
blood pressure measured. Finally an x ray photograph 
of the heart was made at a distance of two meters. 

The arm to-tongue arculation time was estimated by 
the use of Decholia 5 cc. of a 20 per cent solution were 
injected rapidly (1 to 2 seconds) through an 1 
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needle into an antccubital \cin while the indrvidual v.'as 
guicll> in the supme position This w^s repeated 
in minutes after the first test had been cliatcd. The 
time WTis recorded from the beginning of the injection 
until the subject first perca\ed the bitter taste. 

The \enous pressure w*as measured b> the direct 
method, using a large antccubital %ein, the \cm being 
placed on a le\cl with the right auncle. The apparatus 
consisted of an L-shaped glass tube attached to a three- 
M.’ay stopcock, s>mnge and an 18-gauge needle. The ap- 
paratus W'as filled w iih a solution of sterile normal salmc, 
a \cnipunclure performed, and the direct pressure read- 
ings recorded 

X-ra> photographs of the heart were taken with the 
subjects in the standing position, m full inspiration, at a 
distance of two meters Measurements of the heart 
were earned out b> the technique of Levy (16) and es- 
timations of ^olume were made as recommended b> 
Bardeen (17) In addition, measurements of the gn'catest 
trans\crsc cardiac diameter and calculations of the car- 
diothoraac ratio were made. 


DATA 

The complete data for the athletes and normal 
control subjects are given m Tables I and II 
respectively The measurements with the excep- 
tion of cardiac size, are plotted as frequency di- 
agrams m Figure 1 

The a\ erage value for the arteriovenous oxygen 
difference for the athletes ws 635 cc , the range 
being from 735 cc to 55 2 cc For the control 
group the average value ^vas 61 5 cc , the range 
being from 64 8 cc to 56 1 cc (Tables I, II and 
III) (Figure 1) 

The average value for the cardiac index (car- 
diac output in liters per square meter of body sur- 
face area per minute) for the athletes was 2 12 
liters, the range being from 2 67 liters to 1 75 
liters For the control group, the average value 
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ftRTBHI O^YKIO re OAHDUO STROKE STROKE 

OXTQER DOTFraETOE TRDEX VOLOKB 70UJKB 

0 0 PER LITER LITERS PER SQ 11 <3 0 PER BEAT 0 0 PER KOM 



nORMALi 

I 1 1 I i I I I I I I I I I I I I I 

OAQZ IX) U 2. 6 10 14 10 14 18 tt -10-10 0 410-t^lO 

LEFT VERTRKnJIAR TEROOS CIROUUTIOII BWAL KETABOLIC 

WORK PER BEAT PRESSURE TIME BATE 

OK M PER EQM OH. SE0*8 PSB CERT 

Fra 1 MKASuwcuEim of the Ciechlation ih AxHurrEa and No»ual Subjects 
In this figure the d»t* relating to the measnrementi of the aredation in the normal group and hi the athletes 
are plotted as frequency dlagrami (Tables I and H) Each square Is a unit and represents one measurement 
and they are piled on top of one another when there Is recnrrencc of that merement for the measurement In 
that particular group. TTie increments are as follows arteriovenous oxygen difference, 5 cc. cardiac index, 0 1 
liter per square meter stroke volomc, S ca per beat stroke volume per kflogram 0 1 cc left Yentricutar work 
per beat, 0 1 gnun. per kilogram \'cnous pressure, ZO cm. of physiologic saline , arcnlatlon time, ZO seconds 
and basal metabobe rate, 5 per cent The mean values for each group of measurements arc indicated by an arrow 
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TABLE n 


\feasurcmcrls oj urian arctdahry phenomena in 11 normal male tndtxndualst by techniques stmtlar to those used 

for the athletes 
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• X ra> of the heart u as not repeated in this case and the previous measurements \v ere used for cardiac area and volume 


w*a5 2 09 liters, the range being from 2 33 liters 
to 1 76 liters (Tables I, II and III) (Figure 1) 

The a\eragc ^•alue for the stroke \oIume m the 
athletes wtis 65 cc wTth the maximum and mini- 
mum ^’alues of 84 cc. and 52 cc respective!} 
The a\crage for the control group w*as 59 cc , the 
range being 77 cc to 47 cc (Tables I, II and III) 
(Figure 1) 

Tlic a\cnigc \*alue for the stroke ^olume per 
kilogram of bod\ weight for the athletes was 0 80 
cc . the range being from 1 03 cc. to 0 60 cc The 
average \’alue for the control group %\‘as 081 cc , 
the range being from 1 02 cc to 0 59 cc. (Tables 
I, II and III) (Figure 1) 

The a\cnige ^'alue for the left \cntncular work 
per Irat per kilogram of bod} weight for the 
athlcvcs was 1 06 grrun per kgm , the range being 
fnm 1 47 gm m pc’* kgm to 0 6S gm m per kgm 
Fo^ the con rol group the \a!uc was 1 05 gmjn 


per kgm, the range being from 1 31 gmm per 
kgm to 0 82 gmm per kgm (Tables I, II and 
III) (Figure 1) 

The a\erage value for the \enous pressure for 
the athletes w^as 9 2 cm of physiologic saline, the 
range being from 113cm to 61 cm For the 
control group, the average value wtls 10 1 cm , the 
range being from 12 0 cm to 8 7 cm (Tables I, 
II and III) (Figure 1) 

The average v^lue for the arm-to-tongue circu- 
lation time for the athletes w'as 15 4 seconds, the 
range being from 201 seconds to 116 seconds 
The average value for the control group v\as 14 4 
seconds, the range being from 17 0 seconds to 104 
seconds (Tables I, II and III) (Figure 1) 

The heart size based on measurements of the 
transverse cardiac diameter v\as considered to be 
wnthin the limits of normal m ever} subject in 
both groups The average value of this diameter 
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TABLE m 


Avernie and nnie ef vaJuts of certain measurements of the 
circulathn in 14 mate athletes and 11 normal 
male subjects 



Normal 

Athktea 



Ranfc 


Rante 
















ate 

klax 

kUn 

»fe 

Max 

kiln 



Inmin 

Imam 


Imam 

Inrom 

ArtCTtoTtnotu oxyicj differ 
tatt cuH 4 etnttmftm 

Cmrdlac ootpot. tlUn p*r 

6L5 


56,1 

639 

73 9 

5SJ 

jf«cr« mrUr fn mhitUs 

8tn>kc Totume. attic emit 

2JD9 

3J3 

1 76 

2 12 

2,67 

175 

meUrs ftcT 

Stroke warn* cUhit emit- 

59 

77 

47 

65 

84 

52 

m*Un ftr kiIotr*m 

Lell TeotrienUr work ptr i 
bcU, •rtm per *«»- 

OAl 

\J07 

0 ^9 

OSO 

14)3 

0,60 

fr«m 

1JJ5 

IJl 

OJl 

lJ06 

147' 

0,68 

VCOOQ* twewttrt, ctnSimtUrs 
(phrtlolofic nane) 

10 1 , 

llJO 

87 

9J 1 

IIJ 

6 1 

CIrcaUtioo tlm« stcomis 
Greatm tnorrtm onllx dJ 

14 4 

174) 1 

10 4 1 

154 1 

20 1 1 

11,6 

einetcr ctnslwuun 

U 7 

IS 

II 7 

13J 1 

14 4 

114S 

Cudlothofadc ratio, per cent 

45J 1 

SOjO 

40 9 

425> 

47J 

584) 


for the athletes was 13^ cm and for the control 
group 13^ cm The average value for the car- 
diothoraac ratio for the athletes was 42 9 per cent, 
and 45^ per cent for the control group (Tables 
I, n and III) The greatest transverse cardiac 
diameter did not exceed 15 0 cm nor did tlie car- 
diothoraac ratio exceed SO 0 per cent (Table III) 

While the standard lead electrocardiograms 
were recorded for each subject m both groups, 
chest leads, denved by plaang the nght arm elec- 
trode just withm the apex and the left arm elec- 
trode In the left mterscapular region were taken 
of 5 of the control subjects and of 13 of the 14 
athletes Normal sinus rhythm was present in 
all, and m each case the aunculoventncular and 
intraventricular conduction times were withm the 
limits of normal The R*-T segment deviation 
did not exceed 1 mm and the T-waves m leads 
I and II were upright and more than 3 mm m 
amphtude. The amplitude of the QRS com 
picxcs exceeded 5 mm m two or more leads in 
every instance- Only 1 mdividual of each group 
showed a sigmficant axis deviation (J N , Table 
I and N C, Table 11) which ^vas to the left 
The chest lead was considered normal m every 
subject m which it was obtained 

DISCUSSION 

It appears that there is no significant difference 
between the average values of the athletes and the 
control normal group for the artenovenous 


oxygen difference, cardiac index (cardiac output 
m hters per square meter of body surface area per 
minute), stroke volume per kilogram of b^y 
weight, and the left ventricular work per beat per 
kilograra of body weight It is also apparent that 
the individual variations for these measurements 
are within the accepted limits of normal m every 
case for both groups Our values for these raeas 
urements of the arculaUon arc in agreement with 
those obtained by Grollman (14) on a group of 
50 young, normal adults The average value for 
the stroke volume of the athletes, however, is 
found to be appreaably greater than that of the 
normal subjects This difference is apparently 
due to a difference m the average size (body sur- 
face area and weight) of the individuals as the 
cardiac index and the stroke volume per kdogram 
of body weight, as stated above, show no signifi- 
cant differences in the two groups 

The average values for the arculation time and 
venous pressure in the two groups show no sig 
mficant difference. Tarr and his assoaates (18) 
found that the normal value for the arculation 
time (Decholm) in their group fell between 100 
seconds and 160 seconds In our normal sub- 
jects, the mdividual estimations ranged from 10 4 
seconds to 170 seconds With one exception 
(W S, Table I, 201 seconds), the athletes fell 
in the normal range. The measurements of the 
venous pressure, cardiac output and cardiac size 
of this mdividual were, however, withm the limits 
of normal 

The wmrk of the left ventncle per beat has 
been plotted agamst the cardiac volume (Figure 
2) In a statistical study Starr and his assoaates 
have shown that in the presence of normal ar- 
culatory function the work of the left ventncle is 
proportional to the size of the heart (19, 20) 
They have defined a zone of normal arculatory 
function (zone CD-EF) from their data In 
those individuals falling below tlic line CD the 
work per beat is not commensurate wath heart 
size and patients suffering from congestive heart 
failure have been shown to he m this area (Starr 
(19, 20, 21), Stewart (22 23 24)) In this 
study we found that every mdividual in both the 
group of athletes and the normal (control) group 
fell within the zone of normal arculatory function 
(Figure 2) 
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Fia Z Ltrr \EvnuctLAH Work fer Be.\t avd 
Cardiac \ olume 

The da a frc'n Tables I and 11 relating to the work 
of the Ic^t ven^ne'e per bea* in both the normal group 
a**d the athle es are p^o*trd against the corresponding 
card a c \oV^*s La^e AB rep^c'cnts the best line, the 
''er^c^siO’^ Cl ih^ wO’'! on the area, denned b\ Starr, 
Co’ and ^^oc<! (1^) cn the basis of a 5ta*istical treat- 
dava fre^ a jrcup of cases Lmes CD 

md EF a*^ placed b% these a- at a distance of 


The ratio of transverse cardiac diameter to the 
chest diameter has been used m this study as a 
measurement of heart size in addition to the heart 
\olume-uork correlation While our findings of 
a heart of normal size m the group of athletes is 
in agreement \Yith the work of other observers (1, 
3, 4, 8, 25), It IS not to be inferred from our data 
that cardiac enlargement does not occur in indi- 
viduals engaged m more strenuous and prolonged 
types of exercise such as marathon running 

In this group of athletes, all the electrocardio- 
grams were considered normal Bramwcll and 
Ellis (12) report variations in the form of the 
P-w^ve, T-w^ave, and R-T segment, as well as 
prolongation of the P-R interval in electrocardio- 
grams of Ol^TTipic athletes The aunculovcn- 
tncular conduction time was within the limits of 
normal m all of our cases and no distinct differ- 
ences in the form of the records between the con- 
trol group and athletes were observed The dif- 
ferences between our findings and those obser\^cd 
by Bramwell and Ellis may be explained on the 
basis of the types of athletes which w’ere studied 
m the two reports 

Finally, it should be pointed out again that all 
of our observations were made while the indi- 
viduals were in a basal metabolic state Although 
these studies reveal no significant differences in 
the functional capaaty of the hearts of the ath- 
letes, as compared with the normal subjects who 
were leading a sedentary life, it does not ncccs- 
sanly follow that the individuals used as controls 
can perform the same amount of work as efft- 
aently as the athletes 

SUMMARY 

1 Measurements of the arteriovenous ox}^gcti 
difference, oxygen consumption, minute volume 
output, stroke volume, vital capaat>, cardiac size, 

twice the standard deviation from AB It appears from 
their observation that an mdwidual falling w^ithin the 
zone CD-EF has a normal arculatory function That u 
to sa>, the work of the heart is commensurate wnth its 
sue, on the other hand, they found that the values re- 
lating to patients who had suffered from cardiac decom- 
pensation fell in a zone bclov CD Each dosed arcic in 
the abosc figure represents a measurement m that group 
as indicated- It is apparent that all indmduats of both 
the normal group and the athletes fall well v ithm th** 
zone of nonnal arculalor> function (zone CD-EF) 
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arculation time and venous pressure, artcnal 
pressure and heart rate, \vere made of 14 collie 
athletes and also of 11 healthy, young adult males 
who were living a sedentary life and who served 
as controls These objective measurements were 
earned out under basal conditions 
2 With one exception, there was no significant 
difference between those made on college athletes 
and those denved from the control group The 
stroke volume of the athletes was slightly larger 
This difference appears to be related to body size, 
since the stroke volume per kilogram of body 
weight and the cardiac index for the two groups 
are approximately the same 
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It has been stated frequently that the level of mgm per cent (26) In the study of patients 


serum cholesterol is as valuable an index of hyper- 
thyroid activity as the basal metabolic rate. An 
examination of the literature, however, reveals 
controversial material to support this dictum 
The present study w'as undertaken to determine 
how doscly the level of scrum cholesterol is re- 
lated to the degree of thyroid activity and whether 
it IS a useful entenon in the diagnosis of hyper 
thyroidism It was thought of importance also 
to know if changes in the level of serum choles 
terol after the admimstration of iodme might help 
m diagnosis m those questionable hypcrthyroid 
patients whose basal metabolic rates do not re 
spend to the ingestion of Lugols solution In 
addibon to the cholesterol basal metabolic rates 
serum fatty acids, phosphatidcs and proteins of 
65 patients with symptoms of hyperthyroidism 
have been determmed at frequent intervals to 
learn (1) whether there is an mversc relation- 
ship between basal metabolic rate and serum 
cholesterol, hpoid phosphorus fatty aads and pro- 
teins, (2) if these serum constituents increase 
when the basal metabolic rate falls after the ad- 
ministration of iodine and (2) if thyroidectomy 
always increases these components The data on 
only 43 patients are presented m the tables be- 
cause the other 22 patients were not completely 
studied There were about 430 samples of blood 
sera m which the three lipoid fractions and pro- 
teins were determmed dunng the 3 or more years 
that many of the patients have been followed 

Hurxthal, Hunt and co-workers have studied 
the largest group of patients (23, 24, 25, 26, 38) 
Although thty have employed a cholesterol colon- 
metne method described by Bloor m 1922 thar 
results are reliable because they have devoted con 
siderable attention to normal values They have 
placed the low limit of normal for their method 
at 120 mgra per cent, and the high limit at 300 

'TbU work was aided in part by a grant from the 
Knight Fond, Yale Univeriity School of Medicine. 


With hyperthyroid disease these authors have 
found cholesterol values in a large roajonty of pa- 
tients which were dose to their low limit of nor- 
mal The rest of the values were distributed 
about equally on both sides of this figure (23) 
These authors have considered the possible effect 
of malnutrition on the serum cholesterol and have 
deeded that it is of minor importance (23) 
They condude that serum cholesterol is low in 
h 3 rpcrthyroidism and that there is a relation be- 
tween the seventy of the disease and the level of 
cholesterol (23) Recent studies by Boyd mdi- 
cate that total lipoids and phospholipids, as well as 
cholesterol, tend to be low m hyperthyroidism (7, 
8, 9, 10, 11) Thus these recent studies on a 
large number of patients support the view that 
severe degrees of hyperthyroidism arc usually as 
soaated wth low levels of serum cholesterol (4, 
16, 41,45, 47) 

It is, however probable that there are a con 
siderable number of patients with severe hyper- 
thyroidism who do not have low scnim cholesterol 
or other fractions of the lipoids A number of 
workers have reported that m patients with hyper- 
thyroidism the blood or scrum cholesterol may be 
withm normal limits (1, 3, 15 28, 30 44 52), or 
sometimes high (17 22, 29, 39 40, 51) That 
there is no dear-cut relation between basal metab- 
olic rate and cholesterol is probably due to many 
factors Inaccuraaes and differences m methods 
failure to choose relatively dear-cut examples of 
hyperthyroidism or to study enough patients, ac- 
count for some discordant results Furthermore, 
m evaluating data, such factors £i3 state of nutn 
tion and heraoconccntration and the condition of 
the nervous system of the patients have been 
neglected 

Most of the previcnis workers have measured 
only one form of blood hpoid usually total choles 
tcrol The problem of cholesterol methods is an 
old and controversial topic. This matter has been 
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discussed by tlie authors (36) xn a paper on the 
measurement of cholesterol m whidi it ^vas 
pointed out tliat the colonmetnc methods were 
unreliable and subject to errors varying from 
minus 18 to plus 76 per cent. Schoenheimer 
(48), and also Kirk, Page, Van Slyke and co- 
workers (27, 43) have recently remvestigated 
cholesterol methods and have adopted a method 
dependent on digitonm preapitation Even m 
Bloor’s laboratory where the colonmetnc and 
nephelometnc methods were revised again and 
again, a digitomn precipitation method has been 
developed (42, S3) In justice to some colon- 
metric data it should be recognized that certain 
workers with a flair for colorimetry, who have 
carefully devised and checked their own standards 
and ruled out comphcatmg preapitates and colors, 
have probably aclneved approximately accurate re- 
sults In many of the papers on hyperthyroidism 
not enough details as to techmque and range of 
normal values for the method have been presented 
to permit eraluation of the results 

MATERIAL AND METHODS 

The 43 patients included m this study, except as other- 
wise indicated, exhibited most of the symptoms of hyper- 
thyroidism and had basal metabolic rates of more than 
plus 30 per cent, as estimated from the lowest value ob- 
tamed from repeated tests As will be described m detail 
under data, the clinical features of exophthalmos, mal- 
nutrition, tremor, restlessness, degree of cardiac enlarge- 
ment and vasomotor phenomena mcludmg sweating, 
flushing, pulse irregularities and rate, ha>e been carefully 
evaluated. E\idences of disorders of the endoenne 
glands other than the th>roid were sought 

The mental and emotional status, degree of vasomotor 
mstabihty, and neurological status of each patient were 
studied m the search for underlying nervous system dis- 
order:* that could not readily be considered as secondary 
to ov cractivnty of the th>TOid (13) Previous mvesti- 
gators have pomted out that the nervous and mental 
s^Tnptoms produced b> excessive amounts of thyroid se- 
cretion con:ast of a fine muscular tremor, awareness of 
rapid heart beat, perspiration, restlessness, imtabihty, and 
a leelmg of latigue. In the present study the above 
sjmptoms and a moderate degree of anxiety and fear of 
the illness have been considered as being due to h>'per- 
activrtj ot the thyroid. Other mental s>Ti3ptoms such as 
marked depression m mood, states of agitation often over 
tnvnal or imaginary troubles, severe anxiety and delusion^ 
ot persecution have been considered as evidence of an 
undcrbmg nervous s>stcm disorder not secondary to 
overactivatj of the th>Toi(L 

Addiuonal evidence m lavor ot or agamst the extra 


thyroid origin of tlie nervous system disorders was 
sought m the past history and m the course of the symp 
toms after thyroidectomy The story of mental dis- 
orders, slich as encephalitis and manic depressive psy** 
chosis, long before the onset of the charactenstic 
symptoms of hyperthyroidism, and the persistence of 
these symptoms long after the basal metabolic rate had 
fallen to zero or below, were considered as supporting 
the extra thyroid origm of such symptoms Stress has 
been laid on these vegetative and central nervous system 
disorders because recent studies of the authors indicate 
that elevated serum lipoids are frequently found m pa- 
tients with these conditions (20) 

AH of the metabolic studies were made m the morning 
when the patients were m the post-absorptive state. The 
basal metabolic rates were measured with the Benedict- 
Roth apparatus under the standard conditions vvhicli have 
been described by Benedict, Dubois and others The 
venous blood samples were usually taken after this test 
or on the followmg day They were collected under oil, 
centrifuged with anaerobic precautions, and the serum 
analyzed according to methods previously desenbed for 
cholesterol (5, 36), fatty acids (32, 34), hpoid phos- 
phorus (31, 36), proteins, albumin and globulin (14) 

Histopathological studies of the glands were made in- 
dependently m the Department of Pathology of the Yale 
Umversity School of Medicme.- 

DATA 

In Tables I, II, and III are charted the symptoms of 
43 patients as well as the basal metabolic rate and serum 
cholesterol determined in most mstances before adminis- 
tration of Lugol's, after LugoHs but just before thy- 
roidectomy, 1 to 8 weeks after thyroidectomy, and 4 to 
40 months after thyroidectomy Table I mcludes 13 un- 
complicated hyperthyroid patients. Table II, 9 patients 
who had a good recovery, and Table III, 21 patients who 
only had a partial recovery after thyroidectomy In 
Tables II and III, the open circles (O) mark the 21 
patients with marked disorders of the vegetative and 
central nervous system, including patients with diabetes 
and marked vasomotor disturbances resembimg those 
desenbed m a previous paper (37) The remaming 9 pa- 
tients denoted by crosses (X) suffered from a variety 
of disorders in addition to thyroid disease. Three 
(A5S758, 27339, AS7<W8) had peculiarities of physical 
makeup suggestive of complex glandular disorders 
Five (96354, 625, A43137, 70165, 84321) had long his- 
tones of repeated recurrence and removal of thyroid 
tissue. One (A39091) had cardiac decompensation, hy- 
pertension and minimal symptoms of hyperthyroidism. 

Enlargement of the thyroid has been graded as 4r 
when the gland was shghtly palpable, -h4- when large, 
large with bruit, and 4 — h4 — h when the enlarge- 
ment was extreme. Cardiac enlargement has been 

2 We arc mdebted to Dr Harry if Zimmerman of the 
Department oi Pathology for rc-evaluation of this ma- 
terial m connection with the present paper 
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* Lugol 8 contiaued 


evaluated either by phyiical examination or x ray and 
graded + to +++ Pulic baa been recorded aa the 
rapid rate when the patient was rciung m bed soon 
alter hoapitahaaUon If on individual bad aurltular 
fibrillation or had digitalired, the pulae ratea have 
been omitted. Under tremor + mdicatca a percepdble 
fine tremor of the extended tongtie or fingeri of the 
hand, +-f* an easily recognizable tremor and +++ 
severe tremor ofavfouily involving the whole body Tfaia 
fine tremor of hyperthyroidism haa been contraated with 
the coarse Parkinson bbe tremors winch have been luted 
trader brain item duorders. Motor restlessness has been 
diflicnlt to grade, but sbght overactrvity is described as 
+ When activity was euffiaent to make it difficult to 
keep a patient in bed it U graded -f+d* and when the 


patient required a special room for management +++*P 
Any perceptible exophthalmos or hd lag has been listed 
as + "Where all the signs of exophthalmos were present 
hut not marked, ++ have been used and ++4* for 
degrees beyond this. 

Under “skm’* have been inclodcd fiushmg rwcatrag 
and satmy texture. Different dcgTces of flushing and 
sweating have been described as + to In ccr 

tarn pallets the flushing and the vasomotor disturbance 
were disproportionately great m companion with weight 
loss cardiac enlargement, thyroid mvolvcroent and height 
of basal metabolic rate. Such outitandmg vasomotor 
mstabHity has been evaluated under brain stem disorders 
and has been called ** disproportionate vasomotor in 
stability Conditions which have retamed or persisted 
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TABLE 11 


Hyperthyroid patients with good recovery after thyroidectomy 
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• Desiccated thyroid prescnbcd for thyroid deficiency symptoms 


Definition of symbols 

Acr Acromegaly 

A.F Auncular fibrillation 

An Anemia with a red count below 3,800,000 i . i . i 

As ^Artenobclcrosis as indicated by hardened or tortuous radial arteries or tortuous or nicked retinal Diood vessels 

C Cardiac condition such as enlargement or decompensation necessitating the use of digitalis 

D Mental and ph>sical depression 

Dec Cardiac decompensation 

E I Emotional instability 

Hp Hypertension of 160/100 or abo\e 

G Severe gl>cosuna for which insulin was used 

H>s H>5terectomy 

Ir Irregularities in pulse other than auncular fibnllation 
M D The o%eractivity of manic depressive psjchosis 
M\ General weakness, m>asthenia. 

Ob Overweight of an extreme degree in which the distribution of fat is eccentric 
Ov Bilateral ovanectom> 

T Previous th>TOidectom> or exacerbations and remissions of hyperth>roidisnu 
Vi \ asoraotor instability of an extreme vanety 
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Hypcrlhyroid paiurUs vntk parhal recovery aJUr ikyrotdecUmy 
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5emn CWesferd - mq, per cent 


Fig 1 Basal Metabouc Rates and Serusi Cholesterdls Beeobe Treatment 

Solid circles represent patients free from complicating system. Crosses designate patients with a variety of 
disorders (Table I) Open circles represent patients disorders such as peculiar physical makeup or repeated 
with marked disorders of vegetative and central nervous exacerbations of hyperthyroidism. 



Serum Ctetercl - mej per cent 


Fig Z Serum Cholesterol and Lt?on> Phosphorus before Treatment 
The same s>mbols ha\e been used as m Figure 1 The hexagon indicates distribu- 
tion of similar data on 95 normal men and women 
♦ Instead of mEq unit should be mgm. per cent. 

more than a month after thyroidectomy ha\ e been marked The serum cholesterol and basal metabolic rate arc 
m the column ' Disorders conunuc alter B MR. below compared m Figure 1 the cholesterol and hpoid phos- 

plus 10 per cent*' phorus before treatment are shown m Figure 2 Figures 

Nutrition has been rated as N when normal or average 3 and 5 show the changes m cholesterol and basal meta- 

— when approximately 10 per cent of weight had been bohe rate, m fatty aads and m basal metabolic rate be- 

loat, and when emaaation was obvious, wnh fore and alter Lugol's In Figure 4 the increases after 

wnnklcd sVin. hollow cheeks and general weakness For th>roidcctoray of cholesterol and hpoid phosphorus above 

people who remained distmctly well nourished, + has the \alucs before iodine therapy are illustrated 

been used. "^he pathological studies oi the thyroid glands of the 
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pabcnts in Tabica I, 11 and III have been iummamed 
m Tabic IV 

RESULTS 

In Figure 1 it is apparent that cholesterol and 
basal metabolic rate were not inversely propor- 
bonaL In the 13 patients with uncomplicated 
hypcrthyroid disease represented in the chart by 
black circles, all cholesterols were under 151 rngiru 
per cent, but below this limit there is httle evidence 


dences of extreme vasomotor mstabihty or, m 
addition, disorders of the nervous system tended 
to have normal hpoids 

Figure 3 and the tables reveal that all but 6 of 
the 37 patients studied before and after Lugol’s 
admimstrabon had decreases of 7 to 65 per cent 
m basal metabohe rate and mcreases m serum 
cholesterol of 10 to 100 mgm. per cent The 
cholesterols of 3 (A44243, A67482, A61909) of 



Fia 3 Evtects of Iodini TmtaAFV on CHOLasnaoL and Basal 
Metabolic Rate op 37 Patunts 

Lines connect the values for cholesterol and basal metabolic rate before 
Lngoli admmiilration and after Lugol* administration just before opera 
non Solid Unei for uncomplicated patients of Table I broken lines for 
patients who made a good recovery after thyroidectomy (Table II) lines 
with a dot and a dash for patients who had a partial recovery after thy 
roidectomy (Table HI) The 6 patients represented by lines which do not 
follow the slope of the majority of the lines have been marked by arrows 
and are discussed m the text 


of an inverse relationship ^vlth basal metabolic 
rate« This lack of relationship can be attributed 
somewhat to the great variability in the levels of 
serum cholesterol 

Inspection of Figure 2 reveals that all of the 
patients who were free from compheabous had 
serum cholesterol and phosphohpoid values well 
below normah In contrast, pabents wth cvi 


the 6 pabents represented by hues marked by ar- 
rows which do not follow the dirccbon of the 
majority of the lines, did not mcreasc choles 
terols of 3 others (A58S10 96354 A9255) m 
creased but the basal metabohe rates did not 
change more than 3 per cent The 3 pabents 
whose cholesterols did not increase all had mibal 
cholesterols ranging between 141 and 197 mgm. 


r5 100 


150 


400 


450 


500 


200 250 300 550 

Serum Choleaf erol - mq per cenf 

Fig 4 Effects of Thyeoibectomy ov Serum Cholesterol and Lipoid Phosphorus of 32 Patients 
Lines similar to those m Figure 3 connect the values before Lugol's administration and 1 to 8 weeks after 
thyroidectomy, and m 18 patients 4 or more months after thyroidectomy The final study on each patient, 
whether 1 to 8 weeks or 4 or more months after thyroidectomy, is represented by an open circle, 

♦ Instead of mEq umt should be mgra, per cent 


per cent, and exhibited symptoms of vasomotor 
instability, myasthenia, depression and anxiety of 
a marked degree These sjqnptoms have been 
showTi by the authors (20) to be correlated with 
a lability in serum lipoids which may account for 
the apparent lack of response of serum cholesterol 
to the administration of LugoFs solution They 
\\ ere also patients \\ ho \\ ere only slightly improved 
b} thyroidectomy Pathologically, A44243 had a 
colloid goiter with only a httle hjT>erplastic tissue, 
A67482 also had httle hyperplasia which w'as ir- 
regularly distributed and there were islands of 
epithelial metaplasia, the gland of A61909 was m- 
disUngtushable from the glands of uncomplicated 
pauents m Table I Of the 3 patients whose 
basal metabolic rates were not appreciably lowered 
b> LugoFs solution, 1 (A9255) had acromegaly 
The gland of the acromegalic (A9255) had only 


scattered areas of hyperplastic tissue, no high 
columnar epithelium and, in most areas, fairly 
normal looking colloid There ^vas a considerable 
amount of interstitial hyaline The second 
(96354) had the most grossly enlarged thyroid 
of all the patients in the tables and histologically 
the gland contained a good deal of colloid but also 
had local areas of hyperplastic tissue The third 
(A5S510), 69 years old, had artenosclerosis, 
vasomotor instability, and glycosuna for which 
she required insulin before thyroidectomy An 
adenoma w^ found wathout much evidence of 
hyperplastic tissue 

Subtotal thyroidectomy was followed m all pa- 
tients by a nse m serum cholesterol and a fall in 
basal metabolic rate The cholesterols before the 
administration of LugoFs and 1 to 8 weeks after 
operadon have been considered quantitatively 
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m only 30 of the 43 patients In 4 patients 
(A75157, A58510 A54754, AS4764) the fohow- 
up study yftxs 4 or more months after operation, 
and in 5 patients ( AS6471, P1692, 27339, A54754, 
A39091) there ^va3 no study before the adralnis 
tration of Lugol s. Eight 'weeks after thyroidec- 


dividuab The thyroids of these 4 patients were 
not remarkable ^vlth the exception of 625 whose 
gland contained many buarre cells that could not 
be classified, and there was only a small amount 
of hyperplasia. Since the normal -variation in 
cholesterol has been found to be 59 mgra per cent 



Fra. 5 Eitiict* or Iooute Therapy ok the Basal Metabouc Rate 
AKD Seuuu Fatty Acids ot 37 Pattekts 
The Imej repreienting the patlenU m Table I II and HI are simihr 
to those m Figure 3 The same distance represents 3 milllcquivalents of 
fatty acids as was used for 50 mguL per cent of cholesterol In Figure 3 
These amounts arc considered to be equivalent because the normal range 
of cholesterol varies from 150 to 250 rngm, per cent and the normal range 
for fatty aads from 9 to 16 miBiequlvalcnts (19 33 34) and because In 
a norro^ subject cholesterol may change by as much as about 50 rngm. 
per cent and fatty adds by about 3 milhequivalents (35) Arrows mark 
the imes which do not follow the general trend and show a decrease m 
fatty adds rather than an increase after Lugob 


tomy, 2 patients (A45359, A43137) who showed 
marked symptoms of thyroid deficiency 2 patients 
(A67824 70165) who were still taking Lugol s 
solution, and the acromegahe patient (A9255) all 
showed sufficiently atypical symptoms to be ex- 
cluded from the quantitative comparison of choles 
terol before Lugol s and 8 weeks after operation 
In the 30 typical patients serum cholesterol in 
creased by 59 to 169 mgra, per cent m 26 subjects 
and mcreased by 27 to 40 mgm per cent m 4 m 


(35), 26 of the 30 patients exhibited significant 
mcrcases m cholcstcroL The average of the 30 
cholestcrols before Lugol s was 139 and 1 to 8 
weeks after operation 235 mgm per cent 
This comparison of the serum cholestcrols be- 
fore LugoPs and 1 to 8 weeks after thyroidectomy 
was made at this mterval because 11 of the 26 pa- 
tients studied more than 4 months after thyroidec- 
tomy have shown a tendency for the cholesterol 
to nse abruptly soon after operation and then to 
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fall and assume a level after more bme elapsed 
The first patient in Table I, the first 4 patients m 
Table II, and the first 6 patients m Table III ex- 
hibited this leveling off after the noticeable post- 
operative nse In 1 patient the table does not 
give space for the blood studies continued some 
years which made the leveling process more ob- 
vious A56471 (Table II), after her cholesterol 
had risen to 435 mgm per cent, ivas given one 
gram of desiccated thyroid per day for about a 
year and a half Thyroid was stopped completely 
and 8 months later the cholesterol ivas 237 mgm 
per cent A patient (A782S6) not listed in this 
paper had a serum cholesterol of 383 mgm per 

TABLE IV * 


Comparison of histological findings %n the thyroids of 
patients in Tables J, II and III 



Character of 





epithelium 




Case 

number 



Amount 

Hyper 

plasm 

Remarks 

High 
columnar 1 

Papillary 

proicc- 

tionf 

of 

colloid 


UNCOMPLICATED HYPERTHYROID PATIENTS, (l) 
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+++ 
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4-++ 
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+ 

+++ 

A653S5 

+++ 

+++ 

— 

++4- 

A56133 

++ 

+ 

+ 
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HYPERTUYROID patients with COMPLICATIONS WHO MADE 
GOOD RECOVERS AFTER THYROIDECTOMY, (u) 


A53510 

+ + 

+ + 

+ 

+ + : 

Adenoma 

\S6471 

++ 

+ 

+ + 

++ 

Adenoma 

A495W 

+ 

4“-r 

+ + 

+ + 
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+ 

— 

++ 

+ 
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Carcinoma t 

A45359 
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+-r+ 

+ 

+ + + 

A67690 

+ + -P 

— 

4-+ 

+ 

Adenoma 

A58510 


+ -r 

+ 

96354 

+ + 1 

+ 

4* + + 

1 

+ + 



* Cu>iomar> pathological terms ha%e been used in 
describing the tnjTOid glands. Comparame degrees of 
pathological change base been graded -f to -f-r-f 
Dashes mchcacc almost entire absence of characteristic at 

head of column r- . r 

t Adenoma m uhuch there u*as sumaent distortion of 
struct ue to suggest caronoma. 


TABLE iy--Continued 


hyperthyroid PATIENTS WITH COMPLICATIONS WHO MADE 
PARTIAL RECOVERY iVFTER THYROIDECTOMY, (Ul) 


Case 

number 

Character of 
epithelium 

Amount 

of 

colloid 

Hyper 

plasia 

Remarks 
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+ + 

++ 
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P1692 


4“ 

+ 

+ 

Fetal adenoma 

27339 



+ 

+ 
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++ 

+ 
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+ 
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+ 
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70165 


+ 

+ 
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++ 

+++ 
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52492 



+ 

+ 
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+ 
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A67482 

++ 

+ 
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+ 

Epithelial 






metaplasia 

A57648 

++ 

+ 

++ 
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A61909 

++ 

+ 

+ 
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cent and symptoms of hypothyroidism soon after 
thyroidectomy After a short course of desic- 
cated thyroid, the symptoms of hypothyroidism 
disappeared and did not return and the serum 
cholesterol was maintained at about 250 mgm per 
cent The correlation between serum cholesterol 
and thyroid defiaency has been discussed in an- 
other paper (21) However, the evidence given 
m relation to the level of cholesterol before and 
after Lugol’s solution, before and after thyroidec- 
tomy, and before and after the administration of 
desiccated thyroid, demonstrates a decided cor- 
relation between the level of serum cholesterol and 
the activity of the arculating thyroid hormone m 
the individual 

Serum lipoid phosphorus values were so closely 
related to serum cholesterol values that one may 
be predicted from the other This relationship is 
obvious m Figure 2 m which the initial values for 
each component are shown The relationship is 
also clear m Figure 4 m which the points repre- 
senting each component m 32 individuals before 


SERUM LIPOroS AND PROTEINS IN HYPERTHYROIDISM 


53 


Lugol 3, 1 to 8 weeks after thyroidectomy and m 
18 mdividuals 4 or more months after operation, 
have been connected by lines All these Imcs 
have approximately the same slope. The m- 
creascs m serum cholesterol dunng the mterval of 
Lugol's administration and 1 to 8 weeks after 
operation were accompanied by proportionate m- 
creascs in hpoid phosphorus In those patients 
studied 4 or more months after thyroidectomy, 
there was equally good correlation If the choles- 
terol decreased and assumed a lower level, the 
pliosphatides behaved similarly The same rela 
bonship existed between hpoid phosphorus and 
cholesterol before and after Lugol’s admuustra- 
bon The hpoid phosphorus of 29 of the 34 pa 
bents studied at this mterval mcreased, the phos 
phohpoids of only 1 (A45359) diminished In 4 
mdividuals the changes were less than 03 mgm 
per cent of hpoid phosphorus or \vithm the ex 
penmental error of the method. 

Values of serum fatty aads were proporbonal 
to those of serum cholesterol but not as preasely 
as were those for hpoid phosphorus The fatty 
aads were studied before and after Lugol s in 37 
pahents and are shown graphically in Figure 5 
The fatty aads of 31 pabents rose after Lugol s 
whfle, as has been shown the cholesterol of 34 of 
the 37 pabents rose after Lugol s Ana l ysis of 
the exact 6gures for fatty aads, which are not m 
eluded m the tables for the sake of brevity, re 
vealed that 11 of the 37 pabents had mcreases ex 
cecdmg 3 milheqmvalents of fatty aads and 11 
of the 37 had mcreases of cholesterol exceedmg 
50 mgm per cent This analysis and a compan- 
son of Figures 3 and 5 in which the scale for 
fatty acids and cliolesterol were chosen to be 
equivalent, show that the mcreases in fatty aads 
were of approximately the same order of mag 
nitude as the mcreases m cholesterol 

The fatty aads mcreased after th}nxudectomy m 
all pabents except A54754 He was inadequately 
studied with no determmabon of fatty aads be- 
fore Lug^l 3 or 1 to 8 w eeks after operabon All 
of the 30 patients whose cholesterols ^vere com 
pared before Lugol s administrabon and 1 to 8 
weeks after thyroidectomy had mcreases m fatty 
aads during this mterval Twenty three had m 
creases m fatty aads greater than 3 miUicquiv 
alents the vanabon m a normal subject (35) 
The greatest nse m these 30 pabents was 8 7 milli 


equivalents of fatty aad Twelve of 26 pabents 
studied 4 or more months after thyroidectomy ex- 
hibited the tendency for the fatty aads to fall and 
level m the same manner as cholesterol leveled. 

There ^vas no consistency m the changes of 
total proteins, albumm and globulm as a result 
of Lugol 3 and for this reason no data or figures 
are given. Of 37 determmabons of total protem 
before and after Lugol s 4 pabents had no change, 

16 pabents had an increase, and 17 a decrease m 
total proteins Of 21 dctcnninabons of albumm 
2 pabents had no change, 9 had an mcrease and 
10 a decrease m albumm In the 21 examinabons 
of globulm, tlierc was no change m 4, an increase 
m 6, and a decrease m 11 

The scrum proteins of 28 of 32 pabents whose 
proteins were studied before Lugol’s admimstra- 
bon and after operabon mcreased by 0.2 to 22 
per cent The average for the total protans of 
32 pabents before Lugol’s ivas 67 and after thy 
roidectomy 72 per cent The scrum albumm of 
22 of the 24 pabents studied before Lugol’s and 
after operabon mcreased by 0 1 to 18 per cent 
and decreased m 3 pabents Of 24 compansons 
of serum globuhn detenmnabons before Lugol’s 
and after thyroidectomy 1 patent had no change, 

17 bad mcreases of 0 1 to 0 6 per cent and 6 had 
decreases m globulin The highest scrum protem 
albumm or globuhn after operabon has been used 
m this comparison because no tendency for the 
protans to level some bme after operabon was 
obvious However, there were excluded from 
these comparisons all post-operabve studies which 
were made when a patent had symptoms of thy- 
roid dcfiacncy or was bemg given lodme for a 
prolonged time. The changes in total and frac- 
bon proteins were so unimportant and insigm- 
ficant that the level of serum proteins has no value 
m the diagnosis of hyperthyroidism, 

A comparison of the histological findmgs m the 
thyroids of the patients m Tables I II and III 
has been presented m Table IV It can be seen 
that the glands from pabents with uncomplicated 
hyperthyroidism m Table I were umformly hyper- 
plasbc while those from pabents with compbea- 
bons Tables II and III, were with 4 cxcepbons 
variable m appearance It proved relabvely 
simple to grade the amount of hyperplasia m the 
first group, but proved difficult m the other 2 
groups due to the vanabDity of structure m dif- 
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ferent parts of the glands For example, from a 
single gland m one section marked evidences of 
h}T)crplasia were present, while m the next there 
W'as adenomatous tissue and in a third islands of 
epithelial metaplasia Some of these differences 
have been indicated in the table under remarks 

The glands from the patients with complica- 
tions who made a good recovery did not differ 
consistently from those who made a partial re- 
coverj" It is noteworthy, however, that 5 of 9 
who made a good recovery had adenomata, while 
only 4 out of 21 w^ere found in those who made a 
poor recovery 

Although the grading of hyperplasia proved 
difficult, much less was found in the latter 2 
groups than in the first In fact only 1 patient 
from Table II and 1 from Table III were rated 
+++ as against 8 out of the 13 in Table I 
Little colloid ^vas found in the glands of patients 
from Table I, more was found in those from 
Tables II and III Thus the pathological studies 
failed to support differences between the 3 groups 
of patients in only 4 cases, A49564, A54754, 
84321, and A61909 

DISCUSSION 

Exammation of the three tables and of Figure 
2 reveals that measurement of the initial serum 
lipoids was of uncertain value in determining 
whether or not the patients would respond well 
to LugoVs or th 3 TOidectomy In Figure 2 the 
cholesterol and phospholipoid figures of the un- 
complicated pabents were low but the mean for 
the whole group would obviously be close to the 
lower limit of normal This wide distnbubon of 
values suggests one explanation of the discordant 
reports in the literature, for an}" studies involving 
less than 15 or 20 patients might well have been 
weighted m one direction or the other In this 
stud}, howc\er, the majonty of pabents, 30 out 
of 43, presented features which pre\ious studies 
in this laborator} have demonstrated to be com- 
monl} associated wnth high serum hpoids Pa- 
tients wnth extreme forms of vasomotor insta- 
bilitv as for example certain diabetics ^described 
b} Man and Peters (37), frequentl} ha^e high 
hpoids Another group of pabents wnth complex 
\egetati\e s}stem and emobonal disorders mdica- 
tuc of hv-pothalamic and basal ganglia d}sfunc- 
tion also tends to ha^ e high hpoids (20) A55758, 


an obese pyknic male, had an initial cholesterol 
of 157 mgm per cent It has been shown that 
the cholesterol of a pyknic male usually lies in the 
upper limits of the normal range, 200 to 250 mgm 
per cent (19) This man may, therefore, ha\e 
had a real reducbon in cholesterol, although this 
component was not below the average normal 
range All of the patients above the low limits 
of normal in Figure 3 belonged in one or more 
of these categories When these factors arc con- 
sidered, it IS reasonable to assume that the thy- 
roid secretion has either reduced the hpoids from 
levels considerably above the normal limits or that 
Its effects are counteracted by factors which tend 
to elevate the hpoids 

At present the factors which control the level 
of blood hpoids are not suffiaently well under- 
stood to warrant the use of hpoid values in deter- 
mining the advisability of thyroidectomy In the 
pabents with clear-cut symptoms of hyperthyroid- 
ism and no complicabng features, all of whom 
had low hpoids, the problems of diagnosis and 
prognosis were relatively simple and were not fur- 
ther clarified by knowledge of the level of the 
hpoids On the other hand, m the complicated 
patients, the level of the imbal cholesterol was no 
criterion of the pabent's response to thyroid- 
ectomy For example, A53510 who had a cho- 
lesterol of 192 mgm per cent before iodine ther- 
apy, an atypical clinical picture, and a poor re- 
sponse to treatment with iodine, improved after 
thyroidectomy as rapidly and completely as did 
the patients with uncomplicated hyperthyroidism 
A44243, with a cholesterol of 160 mgm per cent, 
presented a similar picture, yet after thyroid- 
ectomy experienced very slow improvement and 
at the end of 2 years was not well enough to work 
In contrast, A22433 with atypical symptoms that 
made the diagnosis uncertain, had a cholesterol of 
105 mgm per cent, a high basal metabolic rate, 
and a good response to iodine. Yet this patient 
experienced only a moderate temporary relief 
from s}Tnptoms, with later recurrence, and after 
more than 2 }ears has showm little impro\ement 
Her condibon can scarce!} be attributed to recur- 
rence of or persistence of hyperthyroidism be- 
cause her basal metabolic rate remains at about 
minus 23 per cent That the inibal level of serum 
cholesterol before Lugol's administration is of 
little assistance in the diagnosis of h}"perth}roid- 
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ism has been pointed out recently by Boyd and 
G)nnell who have studied plasma Upoids in pa- 
tients with anxiety syndromes (11) 

The data presented m the tables have been care 
fully analyzed to see whether the reaction of d\e 
individuals serum cholcsterols to Lugol s admin 
istration may be of aid in deading whether to 
operate The cholcsterols of 13 of the 37 pa 
tients studied before and after iodine therapy did 
not increase by as much as 30 mgm per cent 
Of these 13 2 (A45359, A43137) for several 
years smee thyroidectomy have required desic- 
cated thyroid for the relief of myxedema. Four 
(A65385, 96354 70165, 84321) had had earlier 
exacerbations of hyperthyroid symptoms and had 
been gpvcn Lugol's for a time some months or 
years previously In 3 patients the basal metabo- 
hsm decreased definitely after iodine although 
the cholcsterols did not rise significantly One 
(AS8933) w'as a severely malnounshed lepto- 
somic male. His cholesterol normally ^vas prob- 
ably low (19) and the small mcrease after Lu 
goVs from 116 to 126 mgm per cent may be asso 
ciated with hi8 expected low normal level The 
cholesterol of 2 females (8850, AS6133) who 
chnically exhibited adequate responses to th 3 nroid 
cctomy increased only from llS to 142 and from 
151 to 170 mgm, per cent, but the cholcstcro- 
Icmia after Lugol s may have been close to the 
normal for them Four (A44243 625 A67482 
A61909), of whom all but 625 did not have a 
satisfactory response in basal metabolic rate to 
iodine therapy had very little improvement after 
thyroidectomy and for 6 montlis and longer re 
raained fatigued and nervous although the pro 
nounced exophthalmos of the nght eye of A67482 
improved decidedly 

Just as the basal metabolic rate does not always 
fall when Lugol’s is given the cholesterol may 
not always nse because the hyperthyroid condition 
may be progressing to such an extent that Iodine 
13 unable to do more than neutralize the effect 
of the increasing hyperthyroidism A patient 
A82380, not in this senes gives an example of a 
fall m serum cholesterol parallel with a progres 
Sion of hyperthyroid symptoms when she ^va3 not 
taking iodine She had a basal metabobc rate of 
plus 1 and a cholesterol of 148 mgm per cent 
but disproportionate hyperthyroid sjmptoms 
When given Lugol s for 2 months she had httlc 


symptomatic relief and the basal rose to plus 10 
per cent No lipoids were determined at this 
date. Five weeks after Lugol’s was stopped her 
basal was plus 25 per cent and the cholesterol had 
fallen to 129 mgm per cent She was given 
Lugol s and the basal fell to plus 8 per cent while 
the cholesterol rose to 175 mgm, per cent In the 
intermediate penod without lodme therapy and 
with progression of hyperthyroid symptoms, the 
cholesterol fell from 148 to 129 mgm per cent 
In comparing cholcsterols before and after Lu- 
gol 8, one may weU take into account an aggrava 
tion in the hyperthyroid condition which would 
tend to lower the serum cholesterol and thus can 
cel any effect of iodine therapy on the level of 
serum lipoids 

The diagnostic value of serum cholesterol de- 
tcrmmation is slight but it does supply corrobo- 
rative evidence of the more important clinical ob- 
servations and behavior of the basal metabolic 
rate. It may be of use when accurate basal de 
terminations cannot be obtained If the patient 
does not improve cbmcally, if the basal does not 
fall, and if the cholesterol fails to nse after Lu 
gol’s thyroidectomy probably wrill not be effective 
Whether the reverse can be stated with equal as 
surance is still uncertain Three patients (A2875, 
P1237, P1529), not m this senes with sbghtly 
increased basals who did not conform to the hy- 
perthyroid picture were all given Lugol s Their 
cholcsterols increased from 139 to 200, from 194 
to 266 and from 185 to 269 mgm per cent For 
clinical reasons they did not have thyroidectomies 
and therefore as test cases they were quite un 
satisfactory Two patients (A53920 A61169) 
not included in this senes with extreme vasomotor 
mstabibty diabetes requiring insubn tachycardia, 
arteno sclerosis and who lacked the typical symp- 
toms and signs of hyperthyroidism had basal 
metabolic rates of plus 29 and plus 24 per cent. 
The cholestcrols of both fell equivocally after 
Lugol’s from 312 to 279 and from 270 to 265 
mgm per cent respectively The basal responses 
were quite as uncertain Agam operation seemed 
unjus^able and therefore the significance of the 
relation between atypical Iipoid response to iodine 
and atypical symptoms must remam a subject for 
speculation That increases in scrum cholesterol 
are the usual responses of hyperthyroid patients 
to iodine therapy has been pointed oUt by Hurx- 
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thal (24), Bartels (1, 3), and by Nicholls and 
PcrlzAveig (41) ^\ho also found increases m fatty 
acids What the behavior of the serum choles- 
terol of a non-hyperthjToid patient is after lodme 
administration does not seem to have been com- 
pletely investigated Turner (50) found no sig- 
nificant change in the serum cholesterol of 9 out 
of 10 non-h}pcrth}Toid patients given 2 grams of 
potassium iodide dailj for 4 to 6 weeks The 
cliolesterol of the exceptional patient, a female 
diabetic, rose from the abnormally high average 
of 384 mgm per cent before potassium iodide to 
an average of 434 mgm per cent dunng the iodide 
administration 

No correlation ^\’as found between the height to 
v\hich the lipoids rose after thyroidectomy and the 
degree of recovery Two of the patients whose 
initial lipoids were low showed after thyroid- 
ectomy little rise in serum cholesterol and other 
lipoids, although the basal metabolic rates fell be- 
low zero, and they experienced marked clinical 
improvement One of these patients (A59140) 
is also remark'able because of the development of 
a unilateral exophthalmos m the course of con- 
valescence The other patient (A65385) illus- 
trates hov\ slight the rise in cholesterol may be 
cv cn w hen the basal metabolic rate falls to minus 
13 and there is definite clinical improvement 
The lipoids of 11 of 26 patients studied more than 
6 months tended to level off after the usual post- 
operatne nse This fall in hpoids occurred m 
the absence of a concomitant nse m basal meta- 
bolic rate The first patient in Table I, the first 
4 in Table II, and the first 6 in Table III belong 
m this group This fall in cholesterol several 
months after thjTOidcctom} has been prevnously 
reported b} Hurxthal (24, 25) 

The 21 patients who presented sjmptoms of 
ncr\ous s}stem disorder as well as h}*perth}TOid- 
ism were parti} relieved of s}mptoms by th}T0id- 
ectomv but their subsequent courses progressed or 
failed to progress independent!} of the level of 
basal metabolic rate or serum lipoids Patients 
A44243, A45261, A22433, and A54754 illustrate 
various responses of this type 

The 5 patients with suffiaentl} severe diabetes 
to require insulin for control before th}TOidectom} 
vaned considerabU after operation A75157 and 
A5S510, who did well after th}Toidectom}, no 
longe^ required insulin , A.49564 and A54413 were 


improv ed but continued to require insulin These 
patients presented a complex v*ariet} of symptoms 
but they all had in common vasomotor instability 
and other nervous system disorders which were 
possibly due to a primary disorder of the vegeta- 
tive centers in the brain stem Patient A9255 
represents an extreme form of the breakdown of 
these regulative mechanisms The pituitar}^ gland 
may have pla}ed a role but the persistent and 
gross tremor and extreme vasomotor instabilit} 
indicate the presence of a disorder in the brain 
stem 

It IS noteworthy that the subsequent compara- 
tive investigation of the pathology of the thyroid 
glands of these patients lends support to their 
classification into at least 2 groups The glands 
from the clinically uncomplicated patients, Table 
I, proved to be uniformly and moderately -j — |- 
to severely H — | — f- hyperplastic, while those from 
patients with complications presented numerous 
vanations in structure and usually less clear-cut 
evidences of h}q>erplasia (Table IV) 

Difficulties were encountered in evaluating the 
degree of malnutntion from the history and the 
general appearance of the patient The nutri- 
tional condition of the patients in the present 
study is of interest because there is considerable 
evidence that malnutntion induced by a variety of 
conditions may lower the serum hpoids (33) On 
the basis of the story of weight loss and climcal 
appearance, all but 9 of the 43 patients had lost 
w^eight markedly When the per cent of weight 
loss was plotted against cholesterol m mgm per 
cent, no relation between these two values could 
be discovered On the other hand, the evidence 
denved from the protein and albumin studies in- 
dicates that m some patients these substances suf- 
fered a depletion similar, if less severe m degree, 
to that found in malnounshed patients Bartels 
(2, 3) has reported a depletion below normal 
levels in total proteins, and in some hypcrthyroid 
patients, in albumin before treatment In his 59 
cases 3 months after th}roidcctom} the total pro- 
teins and albumin were normal He attributes 
these findings to the state of the liver rather than 
to the nutritional status or to changes in hemo- 
concentration Brown and Mecray (12) have 
also reported a nse in proteins after th}roid- 
ectom} In 32 of the patients in Tables I, II, 
and III, the mean v'alue for the total proteins 
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before operation was 67 per cent and after con- 
valescence rose to 7 3 per cent Patients who re- 
quired desiccated thyroid or prolonged iodine 
therapy dunng convalescence were excluded from 
this comparison The latter figure approximates 
that found in well nourished people by Bruckman, 
D*Esopo and Peters (14, 46) This rise in pro- 
teins may have been due to the simultaneous im 
provcment m nutrition, but it may also be affected 
m part by hcmoconccntration The results of 
the measurements of the albumm and globulin 
fractions are not sufficiently dear-cut to differ- 
entiate between these two possibilities Gibson 
has reported that *' m 25 cases of hyperthyroidism 
the blood volume was increased above normal on 
an average of 5 45 per cent” (18) In 14 sub- 
jects the increase occurred in both protem frac- 
tions and consequently it is possible that hemo- 
concentration may have been responsible for the 
change. The fact that the albumin increased 
more markedl> than the globulin mdicates that 
hemoconcentration may not have been important 
and that the small rise was probably due to im- 
provement in nutrition 

A correlation between the 3 hpoid fractions 
total fatty aads, phosphatides and cholesterol with 
thyroid activity m a single individual is apparent 
from the analysis of the results Changes m 
cholesterol were accompanied by proportionate al 
terations m phosphohpoids and by shghtlj more 
variable changes in total fatty aads If the pro- 
teins arc used as a criterion of blood volume, the 
increases m lipoids greatly exceed any dimmution 
in blood volume The post thyroidectomy protein 
was 109 per cent of the mibal protan value while 
the post thyroidectomy cholesterol was 169 per 
cent of the imtial value. It must be stressed that 
from one patient to another the haght of the basal 
metabohe rate ^vas not proportional to the level of 
scrum hpoids but the close correlation between 
the different lipoids ivas obvious m each subject 
as an individual Nicholls and Perlxweig (41) 
found similar changes m cholesterol and fatty 
aads of hyperthyroid patients Boyd and Con- 
nell (8 9) have pointed out that the neutral fat 
was diminished less than the total hpoid total 
cholesterol, free cholesterol or phosphohpoids 
However, Boyd m an earher article (6) in which 
he described his hpoid techniques stated that * of 
all the hpids, neutral fat and cholesterol ester were 


found to be the most vanable.” Tbat neutral fat 
might vary greatly can be understood readily be 
cause m his method total fatty aads and total 
cholesterol arc determmed together From this 
value must be subtracted the determined total 
cholesterol, tlie computed cholesterol ester fatty 
aads the phosphohpoid fatty aads computed as 
two tliirds of the phospholipoid in order to obtam 
tlie figure for neutral fat This fraction is there- 
fore subject to the summation of errors The 
observations of Soskm and Mirsky (49) that m a 
patient who refused thjroidectomy the daily feed 
mg of 230 grams of fat supplemented by 3 grams 
of cholesterol for 23 days resulted m remission of 
hyperthyroid sjmiptoras, are of interest m relation 
to the problem of hperaia in hyperthyroidism 
The results of earher workers the data given pre- 
viously and the observations in a compamon ar 
tide (21) on hypothyroidism show that the level 
of serum hpoids is dosely related to overactivity 
and underactmty of the thyroid gland 

CONCLUSIONS 

The basal metabohe rate, serum cholesterol, 
hpoid phosphorus, titrated fatty aads, total pro- 
teins, albumm globulm and pathology of thyroid 
glands of 43 patients with symptoms of hyper- 
thjTOidisra have been studied Blood studies 
were made at frequent mtcrvals which, as often 
as possible w ere before Lugol s administration, 
after iodine but before thjnxiidectomy, 1 to 8 
weeks and 4 or more mouths after operation. 

The level of serum hpoids before iodine tlierapy 
was not related to the haght of the basal metab- 
olism and was of little value in predictmg the 
degree of improvement after thyroidectomy In 
13 uncompheated patients the cholesterol before 
Lugol s was bdow 151 mgra per cent, the lower 
limit of the normal range. Complex factors other 
than the thyroid such as extreme vasomotor in- 
stability and vegetative nervous system disorders, 
have been considered m relation to the mitial level 
of the cholesterol 

After Lugol s admimstration the cholesterols in 
34 of 37 patients mcreased 10 to 100 mgra per 
cent and the basal metabolic rate of 34 of these 
37 patients fell 7 to 65 per cent This nse in 
cholesterol has been evaluated as a cnterion to be 
used m considenng the advisability of thyroidec 
tomy 
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After th) rojdcctom} the cholesterols of all the 
43 patients increased In 26 of 30 patients 
studied before Lugol’s and 1 to 8 weeks after 
operation, the increases were more than 59 mgm 
per cent, and therefore more than the limits of 
^'a^atlon m a normal individual The cholesterol 
of 11 patients rose sharpl} soon after thyroidec- 
tomy and then fell to a constant level 4 or more 
months after operation The height of the nse 
was not related to the degree of improv’ement and 
rccov try 

Changes m cholesterol v\ere accompanied by 
proportionate alterations in phosphabdes and by 
somewhat less prease changes in fatty aads 

No consistent clianges m total proteins, albumin 
or globulin occurred during the administration of 
iodine In 28 of 32 patients the serum proteins 
after thyroidectomy were higher than before 
Lugol’s b> 0 2 to 2 2 per cent The serum al- 
bumin exhibited a greater tendency to increase 
than serum globulin The relation of these in- 
creases to the state of nutrition of the patients 
has been discussed 

The patients whose hyperthyroidism w^ clin- 
icall} uncomplicated had glands that were uni- 
formly h} perplastic and contained relatively small 
amounts of colloid The patients vvhose clinical 
conditions were complicated had thyroids with 
vanable histopathological pictures There w’as m 
general less h3T5erplastic tissue ]\Iany glands had 
adenomata, \\hile others contained islands of epi- 
thelial metaplasia, bizarre cells, and relatively 
large amounts of colloid 

It would ha^c b^cn impossible to collect this material 
if it had not been for the clinical services of Dr Paul 
La\nctc 5 , Dr C L, Robbms, Dr Alexander Winkler, 
and Dr Kalmcn A Klinghoffer under whose care were 
man> of the patients 
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In previous papers we (1) and others (2) have 
sho^vn that gastnc secretion decreases ^vlth ad- 
vancing years This finding, however, has been 
based on a\^rages of many examinations m dif- 
ferent people and no accurate m formation is avail- 
able as to what liappens m the mdividual Docs 
a gradual decline of secretion take place m every- 
one or do some people undergo an abrupt defec- 
tion, while others preserve tlicir gastnc juice un- 
changed into old age? In the attempt to answer 
these questions we previously reported the results 
of standard histamine tests repeated m the same 
indmduals after an mterval of five years (3) 
The findings were of interest but, unfortunately 
the five-year penod appears to have been too bnef 
to yield conclusive results Recently it has been 
possible to re-examine five essentially normal 
people whose gastnc secretions u'cre explored 
over ten years ago The data from these tests 
which seem mucli more significant than those of 
the previous senes, are herewith presented 

PROCEDURE 

The procedure ^vas as far as possible a dupli 
cation of the ongmal examination. The subjects 
were in the ward overnight and were under basal 
condibons The standard histamine test used by 
us for many years ^vas employed. The dose of 
histamme was the same on successive tests and 
all examinations were made by the wnter The 
total secretions were collected over successive ten 
minute penods by continuous aspiration, and in 
the charts volume refers to the amount of such 
ten minute yields Aadity refers to the 

total ’ aadity of successive speamens measured 
m the usual way 

RESULTS 

Case 1 (Number 167640) PJ nmie, age 40 had been 
operated on for gaU stone*. Hi* gastro^mtcsUnal tract 
showed DO lesion. At the time of our first test he felt 
well and ha* been well ever since. The first examination 
was made on November 22, 1927 and the second on 


March S 1939 after an Interval of over eleven year* 
(age 52) The result* arc shown In Figure L The *uc 
ccssItc curve* both for add and volume arc practically 
idcnticaL 



■jannEs 

Fig. 1 Obsehvations in Case 1 

Cose 2 (Number 175600) Ha, a 27 year-old male, 
\va* originally examined as a normal controL The first 
test was made on May 14 1928 the second on February 
23 1939 after an mterval of practically eleven yean 
(age 38) He was perfectly well The results (Figure 
2) show practically identical curves on the first and 
second examinations. Of special interest Is the sudden 
rile In the volume curve on both occasion*. Cases 1 and 
2 fllostrate how constant the gastric secretory response 
may be if successive tests are done under similar condi 
Uons. 

Case 3 (Number 175711) Sc, a 32-year-oId male, had 
no medical disease. He was examined on May 18 1928 
and again on February 10 1939 after an interval of 
eleven year* (age 44) On the first test he showed 
somewhat unusual findings, namely relatively low acidity 
with very large volumes of gastnc secrctloo, and it was 
interesting that we obtained practically the same results 
eleven year* later There is a slight difference m the 
shape of the volume curves but the maximum secretion 
during a ten minute penod is practically the same (32 cc^ 
30 cc.) 

Case 4 (Number 114654) K* a 42 year-old male with 
vague psych oneurotic symptoms was examined on No- 
vember 11 1927 January 17 1935 and December 2. 1937 
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Fig 3 Observations in Case 3 


(age 52) The three tests are showTi in Figure 4 The 
curves for \olumcs of secretion arc practicall> unchanged 
but there is a distinct fall in the degree of acidity, the 
highest total aadit> attained m the three tests being 150 
139, ard 125 The man s health has been good through- 
out the ten \ear period and there are no digestive s>mp- 
toms 

Case 5 (Number ISOS^) Mo a 41-jcar-old male 
u :th tho'o jghh t-eated latent s^'phllls nev*er had cvndencc 
of di«:ea5e of the stomach. He was tested on October 15 
3^27, Oc obt' 5 1933 and Apnl 21, 1939 Careful re- 
exarmnatjon at the time of the las lest (age 52) again 
ed no < gns of <tcnnch disease. The results of the 
th^ exarr naMcns (Figure 5) male it clear that a dc- 
in •c<rx*:on has tahen pMce cspecally in the 

las five j'ea^'s Evade- ce ma> be summanzed as follows 



Hlchciit 

10 minute 
volume 

IlUhejt 
total add 

Total volume 
of lecTtllon 
mlnutci) 

Test 1 

Clinic emit 
netrrs 

27 

131 

fw5tc tmt{ 
mtfrrs 

96 5 

Test 2 

17 

134 

53 0 

Test 3 

11 

60 

32 5 


As far as \\c know this is the first case m the litera- 
ture in which a decline of gastric secretion over a long 
penod has been accurately measured 
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Fig 4 Observations in Case 4 
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In sxunmary, then among five subjects re 
examined after intervals of over ten years, three 
showed practically identical gastnc secretion one 
showed slight decline of aadity but not of -volume 
of secretion, and in one there had been a dcfimte 
decline both of volume and of acid The average 
fall in secretion of large groups of people must 
then be the resultant of vanous types of change 
in different mdividuals Just why some normal 
people preserve their gastnc secretion unaltered 
over many years wlulc others show a rapid de- 
cline IS entirely obscure. The problem can per- 
haps be solved by long time studies such as ours 
controlled by gastroscopic observations It ^vould 
be important to know whether any visible changes 
in the mucosa which can be correlated wth al 
terations in secretion take place 

Heretofore all of the studies on fall of secretion 
with advanang years have been made by means of 
histammc tests or wth a test meal It seems of 
importance to know also if there is a decime of 
spontaneous basal secretion since the older find 



Fia 6 Dxoizase in Babai. SECtEnoN or Normal 
People with Advakcino Years 


mgs might be due simply to lessened abihty to 
react to secretory stimuli Recently %ve have 
studied the continuous basal secretion of some 75 
essentially normal people. The procedure con 
sists m passing a small tube, without any test meal 
or other stimulus, and collecting the secretions 
over successive ten minute penods until the rate 
is constant The secretion at this point is con 
sidercd to represent the contmuous basal activity 
of the stomach and with gastnc jmee of this sort 
a decline m aadity is also manifest in the older 
group (Figure 6) The average values for total 
aadity at ages 20 to 40, 40 to 60 and over 60 were 
54, 46, and 34 No cases of true anaaditj were 
included m this senes. This fall m basal secre- 
tion seems of particular interest since it sho\v 3 
that a disturbance more profound than a mere 
flagging of response to artificial stimuli underlies 
defection of secretion. 

SUMMARY 

Histammc tests repeated in the same mdividuals 
after penods of ten or more years show httlc or 
no change in some people whereas in others there 
is a marked fall in gastnc secretion The aver 
age curve of decime of gastnc secretion with ad- 
vancing jears obtained by examination of large 
groups of people is a resultant of vanous findings 
of tins sort. A decime of basal gastnc secrefaon 
wth advancing years has also been demonstrated 
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The streptococcal antifibrinolysin test of TiUctt 
and Gamer (I) had promise of being a practical 
serological method for the diagnosis of a recent 
hemoljdic streptococcal mfection. The test is 
simple to perform, mexpensive and umfonn m its 
results In the expenence of TiBctt and his asso- 
ciates (2, 3), the test was generally positive in 
diseases caused by the hemolytic streptococcus, and 
negative m non streptococcal mfcctions Subse- 
quent observations by other mvestigators, how 
ever, indicated that the antifibnnolysin test is 
non specific- Myers, Keefer and Holmes (4) 
obtained strongly positive tests ra 2 of 6 patients 
with gonococcal arthntis, and m 2 cases of bac 
tcnal endocarditis due to the streptococcus vin- 
dans. Waaler (5, 6) found the test to be positive 
m 3 of 4 patients with streptococcus vindans bac 
tercmia and m 6 patients with non streptococcal 
pneumoma- He concluded that the presence of a 
positive test is 6f httle diagnostic value. 

The antifibnnolysin test has been used as a lab- 
oratory aid m our pediatnc clmic for over 3 
years. Our early expenence with the test cor- 
roborated the findings of TiUett and associates 
Although m very young mfants variable results 
were obtained, we found the test generally to be 
positive m chfldren recovenng from a hemolytic 
streptococcal infection and negative m other types 
of mfectious disease. Furcolow and Fousek (7) 
of this chmc reported in 1936 the results of 84 
tests on 70 patients The positive tests numbered 
37, and 36 of these were from definite cases of 
streptococcal infection, the exception was a pa 
bent with staphylococcal bactcrcraia. Of the 
negative testa none 'was from cases of hcinol)dic 
streptococcal disease As our senes increased, 
we occasionally encountered positive tests in non- 
strcptococcal mfcctions without an associated bac 
tercmia but we were inclined to view the positive 
results in these cases as an indication of a recent 
mild streptococcal infection In many of the 

1 Presented m part at the 1938 meeting of The Soaety 
for Pediatnc Research, 


children there ^vas a history of a recent mfection 
which could have been caused by the hemolytic 
streptococcus We did not feel that the rather 
frequent association of positive tests with a bac 
teremia interfered with the practical value of the 
method so long as we were aivare that such an 
exception existed. Such cases were not common 
and the presence of organisms m the blood stream 
ivas easily demonstrated by culture It did not 
seem fair to regard the test as non speafic on this 
basis since m the presence of a bacteremia it might 
be expected that all of the body’s methods of de- 
fense might be brought mto play 

The speafiaty of the test m pcdiatnc patients 
first became open to our suspicion dunng the 
pneumococcal pneumoma season of 1936 to 1937 
Almost all these patients with pneumonia showed 
strongly positi've anbfibnnolysm tests at the time 
of admission to the hospital. In the large ma 
jonty of these cases there was no history of 
recent illness, and no clinical or bactcnological evi- 
dence of a comadental hemolytic streptococcal in- 
fection None of the patients received scrum 
This seemmgly defimte assoaation of positive 
antifibnnolysm tests with a specific type of non- 
streptococcal disease induced us to study the be- 
havior of the test throughout the course of this 
disease and in those due to the hemolytic strep- 
tococcus. Later all available types of mfectious 
disease were studied m this respect smee it be- 
came apparent, as the test came mto routme use, 
that Its non specificity was not limited to pneu 
mococcal pneumoma. 

This report represents a study of the trend of 
repeated antifibnnolysm tests m 15 normal chil- 
dren, 6 newborns and 203 patients of the pcdiatnc 
age-group* 

METHODS OF STUDY 

During a penod of over a year repeated and 
fibrmolysm tests were performed on all patients 

*Qifldrcn tip to 16 year* of age arc admitted to the 
pediatnc tcnricc. 
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on the pediatric service of New Haven Hospital 
with definite heniol>tic streptococcal infections 
and with \'anou5 tjpes of non-streptococcal dis~ 
case The non-streptococcal disease group of pa- 
tients was made up of those in whom there was 
no evidence, clinical or bactenological, of recent 
contact with the licmolytic streptococcus In- 
cluded in the study were 15 normal infants and 
cliildren, and 6 newborns 

Blood for testing was taken at the time of the patient's 
admission and at 2- to 4-day intervals throughout the 
period or hospitalization In a few of the patients, where 
con\aIcsccncc did not seem complete at the time of dis- 
charge, samples of blood were taken upon their return to 
the out-patient clmic for follow-up exammaUons Each 
of the 15 normal children was tested at 3- and 4-<iay in- 
fcr;*als during the hrst week of obscrk^ation, and then at 
wcckl> inlerv^s for a month. Studies on this group 
co\crcd all seasons of the year Samples of blood were 
obtained from the 6 newborns during the first twenty- 
lour hours of life, at the end of 1 week, and on the 
tenth da> of life (time of discharge) Tests were re- 
peated on 3 of the 6 at the time of the routine 6 weeks* 
clinic check-up 

Antifibriiiolysm test The method is that of Tillett and 
Gamer (1) and is based upon their observation that 
human heraoI>tic streptococa produce a substance (fi- 
brmo!>sin) which will dissolve the plasma-clot of normal 
individuals, and that the blood of patients recovenng 
from a hcmol>tic streptococcal mfection generally shows 
resistance (antifibnnol>sm) to this l>tic action of the 
organism. 

Collection of blood Three cc. of blood to be tested 
w'as obtained by venipuncture and placed m a stcnlc 
110 X 1(X}0 mm glass tube containing 6 0 milligrams of 
potassium oxalate (0 3 cc, of a 2 per cent solution of 
oxalate m distilled water) The tube was corked and m- 
verted several times to prevent clotting The tube was 
then placed in the ice box until used for the test, which 
w*as alwa>s done withm 48 hours after the blood was 
taken. 

SojrCf. of fibnnolysin Ro, a stram of hemolytic 
streptococcus isolated m this laboratory from the blood 
of a child with a ratal septicemia, was used for all the 
tests. The culture was maintamcd bi daily transfers m 
beef heart mfus on bro h containing 0 05 per cent dcjt- 
trosc. This strain has been used dail> for about 2 >ears 
ard regular!} l>ses the plasma -clot or a normal indi- 
\ dual m 15 m.nute> or less The fresh culture was 
rcutircK tested at about weekly mtcrvnils for maintenance 
ot nbnrol>n.c activit> No variaLoa great enough to 
anect the test vzs observed. In our earlier work, dupli- 
ca e tests were run usuig a strain of hcniol>ttc slrcpio- 
Owvcas irem a ca-c oi scarlet icver as a centroL The 
v\c'e wUiforra, bo ever, that fo- sanphaty 
5 raui Ro was used ui dus From time to time 

have also emp’ojed the pauen^ s oati straui oi hemo- 


b^ic streptococcu:> as a source of fibrmol>sin for the test 
Again, there was no significant difference between the 
results with Ro and with the homologous strain. 

Dcscnptwn of test The oxalatcd sample of blood was 
centrifuged for 3 to 4 minutes at about 1500 rp,ra,, and 
0,2 cc. of plasma was removed and diluted with 08 cc. 
of sterile ph> siological salt solution To this was added 
0 5 cc. of an 18-hour broth culture of the hemolytic 
streptococcus Lastly, 025 cc. of calcium chloride (025 
per cent solution m normal salt solution) was added, and 
the thoroughly mixed contents of the tube were immedi- 
ately incubated m a water bath at 375® C In about 10 
minutes a solid opaque clot was formed. The interval 
between the time of clotting and that of complete hque- 
faction was taken to indicate the degree of resistance of 
the patient's plasma to the fibrinolytic action of the hemo- 
lytic streptococcus This resistance (amount of anti- 
fibrinol>sin) was graded as follows 

4 + indicates no lysis of the plasma-clot in 24 hours 

3 4* indicates complete lysis m 8 to 24 hours 

2 -f- indicates complete lysis in 3 to 8 hours 

1 + indicates complete lysis m 1 to 3 hours 

— mdicates complete lysis m less than 1 hour 

In the text, a positive test refers to a 1 + to 4 + re- 
action Tests were terminated at 24 hours since clots 
which reraamed solid for this length of time continued so 
for days 

Bacteriological studies Fresh beef heart infusion 
medium is used routinely m the pediatnc bactenological 
laboratory Cultures of the nose, throat, blood, and raa- 
tcnal from purulent lesions (spinal fluid, pleural fluid, 
aural discharge, mastoid pus, etc.) were taken at the time 
of the patient's admission and subsequently as seemed 
indicated. Colonies from any of the above sources which 
resembled those of the hemolytic streptococcus were 
tested for bile msolubility and production of a soluble 
hemolysin for rabbit's erythrocytes, and were then 
grouped by the serological method of Lancefield (8, 9, ; 
10 ) 

RESULTS ^ 

Early m the study it became apparent that the 
trend of repeated antifibnnolysin tests in pneu- 
mococcal pneumonia was different from that gen- 
erally seen in hemolytic streptococcal infections 
In streptococcal diseases the tests were generally 
negative during the acute stage of the illness and 
became increasingly positive at about the time of 
recovery In pneumococcal pneumonia the 
strongly positive tests, which were commonly en- 
countered, were present only during the acute 
lebnle stage of the infection and subsequent tests 
showed a rapid decrease to negative To demon- 
strate this difference m the trend of the tests, 
charts of temperature course and antifibnnolysm 
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test results accompanied by a bnef climcal sum 
raary are given for a "typical case of pneumococcal 
pncumoma (Chart 1) and of a hemolytic strep' 
tococcal mfeebon, scarlet fever (Chart 2) Both 
patients were of the same age and were hospi« 
talized on the same day of illness 

As the study was enlarged to include many of 
the common types of non streptococcal mfeebon 
and a larger group of hemolybe streptococcal dis- 
eases, a total of 6 anbfibnnolysm test trends was 
observed 

A Negabve tests which persisted throughout the 
pabent^s illness and convalescence (Chart 

3 ) 

B Posibve tests during the acute febnle stage of 
an mfeebon which rapidly changed to 
negative ones (Chart 1) 

C Negabve tests dunng the acute stage of the 
disease which became mcreasmgly posibve 
during the penod of convalescence (Chart 
2 ) 

D Strongly posibve tests which persisted 
throughout tlie pabents illness and con- 
valescence (Chart 4) 


E Posibve tests during the acute illness whidi 
changed to negabve and then reverted to 
posibve (Chart 5) 

F Negabve tests whidi rapidly changed to posi- 
bve and then back to negabve (Chart 6) 

For simphaty these 6 trends are represented 
graphically m Chart 7 and will subsequently be 
referred to by letter and a descnpbvc phrase, « g 
Trend A (persistently negabve) When the re 
suits arc plotted it becomes more than ever ap- 
parent that there is a defimte trend m the course 
of the tests and that the trend is a smooth one 
without gross fluctuabons. 

The 6 anbfibnnolysm bends and the condibons 
m which they were found are summanzed in 
Chart 8 

The group of “ normal ' individuals consisted 
of 5 mfants and 10 children who were apparently 
m good health and free from any type of mfee- 
bon These subjects vaned from 3 months to 16 
years of age. The 6 healthy newborns who were 
mcluded in the study are tabulated separately 
smee them aubfibruiolysm bend was found to be 
disbnctly different from that of the older mfant 
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Chakt 1 Patieut G J Ac* 3 Y*a*s. Diacmosis Pkxuuococcal Pniouokia, Tyt* I 
Child waj admitted on the iccond day of the ducaM with phyncal and roentgenological sigm of nght 
bwer lobe pneumonia. Pneumococcus type I was the predominating organism m the nose and throat 
cuhurei there were no hemolytic streptococci. Child remained Ttry ill until the seventh day when hb 
temperature dropped to normal by cnils. His subsequent course was satisfactory 
Anitfibnnclyfm tests Test was strongly posibre on admission. It was still posluvc on the fifth day 
of the disease but to a lesser degree. With the fall m temperature on the seventh day it became nega 
tivc. Subsequent tests were also negative. 
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Child \vzs admitted on the second day of illness with classical signs of scarlet fever of moderate 
seventy Throat culture showed a predommance of hcmol>tic streptococci Child's temperature dropped 
rapidl> tow*ard normal, recovery was uneventful and desquamation occurred 
.Intifibnnol^svi tests Tests were negative throughout the active stage of the disease and became 
incrcasingl> positive durmg convalescence. 



Ciivifx 3 PvTiENT M if Ace 3 \E.vas Diagnosis Pyelitis (B Coli) 

OuM vas ^.dnLiied on the :^\cnth da> of the disease with a history of high fever, urinary frequency, 
and aldccunal paau Ph>iical cxammaiicn was negative except for costovertebral angle tenderness on 
J-c 5 de* Lnnc s^o *cd a 3 p'us alb.anin and numerous white blood cells B coU was cultured 
ircm ur^e Nose and throat cu-iu''c> were negative for hcmol>tic streptococen Under sulfanil^ 
am.de the*a?> ch.M > temperat j^e dropped to normal on the thirteenth day and remained within normal 
lumo The ur^'e cleared comcidenmllj «ith the lall in temperature. 

•fr tests Teats Ac^e pcrsotcrily negative thrcughcjt the child s lUnejS and conv'alcsccncc. 
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Chaiit 4 Patient A, S Ace 13 Years, Diagnosis Rheujiatic Fevik, Rhiomatic Heart 

Disease 

Child was admitted on the fifth day of the disease with ferer cpistaxes and pains in her knees. The 
heart was overactive and the knees were swoUen and tender The sedimentation rate was 26 mm . per 
hour Nose and throat cultures showed a predomioance of hemolytic streptococci until the twenty 
seventh day of Subsequent cultures \verc negative. Signs of rheumatic activity persisted until 

the thirty-ninth day Child was transferred on the forty seventh day to the Children t Commuruty Cen 
ter for convalescence. In the rocantunc, signs of a mitral and possibly an aortic heart lesion had 
appeared. 


Antifibrwolystn tejts Tests ^vc^e persistently poa 
peat tests 1 and 4 months after chddi discharge 
cence was uncomplicated. 

There were 75 cases of hemolytic streptococcal 
infection Seventy of these were primary mfee 
hons and mclude scarlet fever (25 cases) ery 
sipelas (7 cases) acute tonsillitis and cervical 
adenitis (25 cases) otitis media and mastoiditis 
(10 cases) pneumoma (1 case) menmgitis (1 
case), and cellulitis (1 case) In 3 cases the 
hemolytic streptococcal infection followed a non- 
streptococcal disease tuberculous pneumoma later 
compheated by hemolytic streptococcal tonsilhtis 
and purulent otitis media which was followed by 
nephritis (1 case) pneumococcal pneumoma fol- 
lowed during the period of convalescence by 
hemolytic Btrcptococcal tonsillitis and later acute 
hemorrhagic nephnbs (1 case) and B coli infec 
tion of the urinary tract compheated by hemolytic 
streptococcal tonsiUitia and cervical adcmtis (1 
case) Both of the rcmaimng 2 patients appeared 
from their course to be straight fonvard cases of 
scarlet fever However the presence of patho- 


itive durmg the entire period of ho*pitalIxaticn, Re- 
werc still strongly posiUve although her convalcs- 


genic pneumococci — VII m one instance and 
type XIV in the other — m the nose and throat of 
these 2 patients suggests the possibility of a recent 
or simultaneous pneumococcal mfeebon. 

Thirty cases of acute rheumatic fever, 3 of 
chorea and 11 of acute hemorrhagic nephritis 
were studied m view of the possible or probable 
relationship of the hemolytic streptococcus to 
tliesc diseases 

In the non streptococcal disease group, upper 
respiratory infections (6 cases) influenza (5 
cases), pneumococcal pneumonia (32 cases) and 
poliomyelitis (7 cases) arc tabulated separately as 
they were the most common types of non strep- 
tococcal mfeebon encountered during tlie study 
There were 34 pabents ^vlth other vanebes of 
non streptococcal disease. Of these 20 arc clas- 
sified as mild '* and 14 as severe,” depending 
on the seventy of the illness m the parbcular pa 
bent The ‘mild mfeebons include pertussis 
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CuART 5 Patient T U Age 14 Months Diagnosis Tuberculous Pneumonia with Effusion, 
Aclte Puarwcitis, Cervical Adenitis and Bilateral Purulent Otitis Media (Hemolytic Strep- 
tococcal) , Acute Hemorrhagic Nephritis 

Bab> was admitted on apparent!} the first daj of illness with physical and roentgenological signs of 
puImonar> tuberculosis with pleural effusion on the right side Tuberculin test was strongly positive. 
Parents and 4 siblings had active tuberculosis A thoracentesis yielded sterile straw-colored fluid On 
the twcnty-scventli day, the baby developed profuse nasal discharge, fiery red throat, and enlarged cer- 
vical glands Nose and throat cultures, which were previously negative for pathogens, showed a pre- 
dominance of hemolytic streptococa On the forty-second day the right ear began to discharge and a 
leit m>ringotom> was performed Hemoljtic streptococci were cultured from the pus from both ears 
Urine at that time showed albumin and red blood cells The streptococcal mfection and the nephritis 
graduall} subsided. The baby was discharged to a sanitoriura because of persistence of the tuberculous 
process 

4ntifibniiolystn tests Test w'as strongly positive during the acute phase of the tuberculous pneumonia 
but rapidl} became negative. Tests remamed negative during the acute febrile stage of the hemolytic 
streptococcal inicction but became strongly positive during conv’alescence. 


(3 cases), bronchitis (4 cases), chicken pox (1 
ca^c), mumps (1 case), bronchopneumonia (5 
ca:>es), unn*ir> tract infection (2 cases), diph- 
theria (1 case), gonococcal \’aginitis (1 case), 
nKa:>le:> (I case), and exanthem subitum (1 case) 
TI L ‘Severe*’ intections consist of staphylococcal 
squicemia (1 case), typhoid fever (3 cases), 
bacillary dy:>cntcry (2 cases), meningococcus me n- 
irgiiis (2 cascii), pulmonary tuberculosis (1 case), 
pyLlm^ due to B coli (2 cases), encephalitis (1 
cas.-), prcumococcal empyema (1 case), and 
s rep (X<.A.cus vindans sepueem a (1 cast) 

Xmmbrroly^jm Trend A (per:>isiently nega- 
tive) voi prefer: m ail oi the 15 rormal infants 
ari children It *v*as aho lound in all ot the 
ci,cs u: n Jd a: J in soire of t’ e cases oi se^ ere 


non-streptococcal infection It occurred occa- 
sionally m a hemolytic streptococcal illness and m 
acute rheumatic fever, chorea and acute nephritis 
Trend B (positive to negative) was frequently 
observed m the more severe non-streptococcal dis- 
eases, notably pneumococcal pneumonia, m all the 
newborns, and occasionally m patients with a 
hemolytic streptococcal infection 
Trend C (negative to positive) occurred m 53 
ot the 70 cases of primary hemolytic streptococcal 
disease, and wtis seen m no other condition 
Trend D (persistently positive) wtis found m 
most of the cases of rheumatic fever, chorea and 
acute nephntis, m a few cases of hemolytic strep- 
tococcal disease, and m 1 patient with typhoid 
fever Unfortunately, this patient was not fol- 
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Chabt 6 PATiEifT R. S Ace 11 Yiam. Diaokosis Conckkitai. Hkaw Diseasi with SuBACtriB 
Bactewal Emxx^AiDm* (Stbxttococojb Vhhdans) 

Child, known to have congenital heart dueaie waa admitted on the iccond day of hu acute ilincjs 
with cough bloody iputum, chills and high fever Signs on physical and roentgenological examination 
were those of congenital heart disease with pulmonary infarction. There were no petcchlae seen and 
admission blood culture was negative. Repeated nose and throat cultures showed no hemolytK strep- 
tococci On the twenty fourth day of Ulncis streptococcus viridans was cultured from the blood stream. 
Quid continued to have bouts of fever associated with pe tech iae and positive blood cultures through 
out his seven months period of hospitahiatloo and course was gradually downhill. Postmortem ex 
ammatioo verified the duucal diagnosis 

/tnli^bnrtolysm UsU The test was sUongly positive on admission and became negative m a few days. 
With each shower of bacteria into the blood stream the test rapidly became positive and returned to 
negative when blood cultures showed no growth. 
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pcared in 3 cases of non strqitococcal infection 
followed dunng convalescence by a streptococcal 
illness and in the 2 cases in which the bacterio- 
logical findings suggested a possible simultaneous 
pneumococcal and hemolytic streptococcal mfee 
tion 

Trend F (spiking) was encountered m only 1 
instance a case of congcmtal heart disease with 
streptococcus vindans endocarditis 


Chaot 7 Tkeitos or AKrnriBaiiioLYSiK Tests 
Trend A pcnlatently negative tests Tread B posiUve 
to negative tests Tread C, negative to positive tests 
Tread D penistenUy positive tests Trend E positive 
to negative to positive tests Trend F negative to po»l 
tive to negative tests (spiking) 

lowed through convalescence it is possible that if 
the period of study had been longer the trend 
would have been B rather than D 

Trend E (positive to negative to positive) apr 


DiacussioK 

A study of the trend of the streptococcal anti 
fibrmolysui test under various conditions of 
health and disease m individuals of the pediatnc 
age-group demonstrates several interesting points 
The test does not seem to be mfluenced by 
mmor variations in the child which may occur 
either m health or m the presence of a mild m- 
fecuon Tests were repeatedly negative in the 
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Trendj of aotiiibriiiol>‘sln test 


Co-^lionj studied d 

Jl 



n 

\y 

A 





Normal 

15 






Scarlet fever and other hemolytic streptococcus 
mfextJons 

8 

4 

53 

5 

(5) 


Rheumatic fever and chorea 

3 



30 



•\cutc nephritis 

1 



10 



Non streptococcal di'^rases 

Upper rcopiratory infections 

Innuenza 

Pneumococcal pneumonia 

Poliomyelitis 

Other "mild" infections 

Other "severe" infections 

6 

2 

4 

4 

20 

3 

3 

28 

3 j 
9 i 


1 


1 

Neui horns 


6 






CuAKT 8 Trends of Antifideinolysiv Tests akd Conditiovs Under Which They Were Observed 
Note Figures represent the number of cases, fig^ure m parenthesis refers to cases of secondary, or possible sc- 
ondar>, hcmoI>tic streptococcal mfcction 


norma! infants and children reported, and single 
tests on a much larger series of healthy young 
mdniduals and of children with various types of 
nominfcctious diseases have corroborated this 
finding Consistently negative tests were also 
found m pediatric patients ^\ith mild non-strep- 
tococcal infections 

Newborn infants, howe\er, furnished an ex- 
ception to this rule Strongly positive tests were 
obtained with \enou5 blood of all 6 newborns and 
with their respectue placental blood, m spite of 
the fact that tests on the mothers’ \enous blood, 
jiujt pnor to and just after delivery, were nega- 
luc In none of the mothers was there any in- 
dication of a recent hcmol^^tic streptococcal infec- 
t on In 3 of the babies, the test had become 
negatne by the tenth da> of life, while in the re- 
maining 3, tccsU were sUll pOiiU\e on the tenth 
da, but were negame at 6 weeks of age Lip- 
fard ard \\ heeler (11) obtained maximally posi- 
a e tc:ji:> m l*t of the 2S ncAboms whom they 
itua cd It vouM be of much interest to ascer- 
n 11 a true streptococcal antmbnnol>sin 

wn cn has been iiorcd up m the fetus 

Poi a*c tcji 2 > \ c^e objuned m 67 of the 75 
er > .in hen streptococcal mfectiom. at 


some time dunng the course of their illness and 
convalescence In S3 of the 70 patients with 
primary hemolytic streptococcal infections, the 
test was negative during the acute phase of the 
disease and became positive about the time of 
recovery This trend, Trend C, (negatne to 
positive), which was present in over 70 per cent 
of the cases studied, ^vas seen in no other type of 
infection Trend E (positive to negative to 
positive), which was observed m 3 patients with 
secondary and 2 patients with probable secondary 
hemolytic streptococcal infections, appears to rep- 
resent hemolytic streptococcal ” Trend C (nega- 
tive to positive) preceded by ''non-specific' 
Trend B (positive to negative), such as might be 
expected in a hemol}tic streptococcal infection 
complicating a non-streptococcal illness Of the 
8 patients in whom repeated tests were negative, 
2 were infants, 2 were children who had a pro- 
longed illness witli complications, and 1 was an 
infant with a fatal infection Tillctt (3) found 
that in patients with prolonged or fatal strep- 
tococcal infections the test w^as apt to remain 
negatne or to become only weakly positive, and 
Lippard and Johnson (12) report tliat the anti- 
body rei)ponse in infancy as determined b> the 
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anti fib nuolysm and antistreptolysin content of the 
blood may be poorly developed 

Concerning the non specific aspect of the anti- 
fibnnolysm test, there 'would seem to be httle 
doubt that the more severe types of non strepto- 
coccal mfcction are also capable of produang a 
positive test in chAdrem Positive tests are com 
mon durmg the acute febrile stage of such dis- 
eases It 13 of much interest, however that the 
trend of the results was stnkingly different from 
that seen in the majonty of patients vnth hemo 
lytic streptococcal mfections The mechanism 
for this producbon of posibve tests m non strep- 
tococcal mfections is not apparent at tins time. 
It might find an analogy m the mcrcase m the 
strcptococadal power of the blood of patients m 
the active phase of infections due to a vancty of 
organisms as descnbed by TiUett (13) It 
should be noted that Fncdemann and Sutliff (14) 
found an unusual polysaccharide m the blood m 
similar conditions 

The presence of positive tests in rheumatic 
fever, chorea, and nephritis is m accord with the 
findings reported m the hterature (3 4 5, 6 12, 
15 16 17, 18) Six of our patients with rheu 
matic fever were retested 3 to 5 months after 
discharge from tlie hospital and all contmued to 
show strongly positive tests although they had 
apparently been free from any sigmficant mfec- 
tions The positive tests seen during convalcs 
cence from uncomplicated hemolytic streptococcal 
mfections sucli as scarlet fever were found to 
persist for several days or at the most a few 
weeks This strong association of positive tests 
with rheumatic fever suggests that the antifibnnol- 
ysm test may be of diagnostic aid Unfortu 
natcly, the presence or absence of an etiological 
relabonship between the hemolytic streptococcus 
and rheumatic fever cannot be determined from 
the trend of the antifibnoolysm tests The trend 
of the test m rheumatic fever is neither of the 
“ non specific type, Trend B (positive to nega 
trve) nor of the “ hemolytic streptococcal type. 
Trend C (negative to positive) There are three 
pomts however which are consistent with such 
a relationship (1) If rheumatic fever is a sequel 
to infection by the hemolytic streptococcus it 
would be anticipated that only the latter portion 
— the positive phase — of Trend C would be ob- 
tamed (2) the madence of persistently positive 


tests (10 out of 11 patients) m this disease is 
remarkably similar to that observed m the cases 
of acute nephritis, all of which followed scarlet 
fever or other types of hemolytic streptococcal in- 
fection (3) with the possible exception of one 
patient "With typhoid fever who ^vas not followed 
after discharge from the hospital m no disease 
other than rheumatic fever did the duration of 
positive tests at all approach that seen m nephntis 

SUilifARY AND CONCLUSIONS 

The trends of repeated streptococcal antifibnnol- 
ysm tests in 15 normal mfants and children, 6 
newborns, and 203 patients of the pediatnc age 
group arc reported 

The study suggests that, although a single test 
may be of no diagnostic value m the pediatnc 
laboratory unless vic\ved m the hght of the history 
and bactcnological findings the trend of several 
tests may be significant The type of trend that 
was observed in the majonty of patients with 
hemolytic streptococcal mfections was found m 
no other type of disease 
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THE ANTISTREPTOLYSIN TITER IN RHEUMATIC FEVER, 
ARTHRITIS AND OTHER DISEASES 

By JOSEPH J BUNIM and CURRIER McEWEN 
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Since 1933 a number of serologic tests have 
been made m the study of pahents wth rhexunabc 
fever, arthntis, and several other diseases who 
have come under the authors' care. These tests 
include gonococcus complement fixation, hemolytic 
streptococcus agglubnm and preapibn tests 
and antifibnnolysm and antistreptolysin btrabons 
A preliminary report of the results of these was 
made m 1936 (1) The purpose of the present 
report is to give a more detailed analysis of the 
results of anb streptolysin determinabons per- 
formed from 1933 to the end of 1938 
We have determined the bter of the serum of 
normal subjects and pabents with the following 
diseases 

1 Scarlet fever 

2 Rheumabc fever and chorea 

3 Rheumatoid and other types of arthnbs 

4 A few cases of such miscellaneous condibons 

as erythema nodosum, pencarditis lupus 
erjihematosus dissemmatus and pcriar- 
tenbs nodosa 

The cases studied were from the Third (New 
York University) Medical Division of Bellevue 
Hospital and from the Arthnbs Clinics of New 
York University College of Mediane The sera 
>vtre anal 3 rzed without knowledge of the clinical 
diagnoses The serological determinabons were 
done according to the method of Hodge and Swift 
(2) Because of the bme required for antibody 
formabon to take place, no pabent with anb 
streptolysin titer within the normal range was in 
eluded m our analysis unless senal determinations 
were made over a penod of at least 4 weeks ^ In 
all, 1,539 determinabons have been made on the 
sera of 817 pabents with the diseases hsted above 
We have also collected and rearranged results 

Except in the icarlct fever patlcnti some of whom 
were followed only 3 weeks. 


obtained by others for the purpose of convement 
reference, 

I ANTISTREPTOLYSIN TITEH IN NORMAL SUBJECTS 

An analysis was made of the sera of 39 normal 
persons consisting of medical students and phy- 
siaans These subjects were free from any 
upper respiratory infection or other illness for a 
minimum of 4 weeks prior to exammabon. The 
bter was 25 umts or less in 21 SO umts m 12 
100 umts in 5 and 150 umts in 1 person 

Table I summarizes these results and those of 
other mvesbgators The median titer reported 
by most workers is 100 umts or less Mjers and 
Keefer found the average (not median) bter to 
be 213 umts They used sheep erythrocytes in- 
stead of the customary rabbit cells however, and 
von Hellens (3) had observed that sheep cells 
were more resistant to hemolysis by streptolysm 
than rabbit erythrocytes 

In view of our results we have considered 100 
units per cc, of serum as the upper limit of nor 
mal However, a nse m bter in serial tests, even 
though not exceeding 100 umts suggests hemo- 
lytic streptococcus mfcctaon as is shown below in 
tests performed on pabents with scarlet fever 

n antistreptolysin TITEa IN SCARLET FEVER 

In 1934 we studied 21 cases of scarlet fever 
admitted to Willard Parker Hospital dunng the 
months of January and February of that year 
Blood was collected from each pabent on the day 
of admission and again upon discharge,* As will 
be seen from Table 11, all pabents except 1 had 
a normal anb streptolysin bter on admissioiu All 
but 4 showed an elcvabon of anb streptolysin bter 
dunng the course of the disease although only 10 

*The atrtiior* arc indebted to Dr Jaie M, BuBowa 
and Dr I H. Scheffer for permUiion to obtain theie 
»era. 


75 




ANnSTREPTOL\SIN IN RHEUMATIC FEVER AND ARTHRITIS 


77 


Todd (4), Gnffiths ( 7 ) Longcope (8) and 
Blair and Hallman (9) report an elevated titer in 
85 per cent to 100 per cent of patients with active 
rheumatic fever In most of these reports no 
mention is made of the presence or absence of 
preceding respiratory infections or the results of 
throat cultures 

We have studied 171 adults w^th active rheu 
niabc fever and 139 with inactive rheumatic heart 
disease. The patients ^\cre under observation on 
the 'W’ards and m the cluucs for a period ranging 
from 4 weeks to several years The entena for 
activit} were {!) history of palpitation, pre- 
cordial pain, fever, joint pains, or undue weight 
loss, (2) fever, tachycardia, gallop changing 
murmurs or rh>4hm, pencardial friction rub 
rheumatic skin manifestations or subcutaneous 
nodules, (3) significant electrocardiographic 
changes, (4) elevated erythrocyte sedimentation 
rate or leukocytosis 

In Table IV we have divided the cases mto an 
active and inactive group and have subdivided 
each group according to the presence or absence 
of an upper respiratory infection ( * cold,” sore 
throat pharyngitis, tonsilhtis or bronchitis) \vithin 
4 weeks of serologpcal studies The patients hav- 
ing active disease have been further classified in 
relation to the presence of polyarthritis carditis, 
or both. It IS clear from this study that the me- 
dian antistreptolysin titer of the patients with 
active rheumatic fever was above normal, while 

•nbjecta objcrroJ for scrtral months dumag compara 
tnrcly good health. 


this was not true of the patients wth inactive 
rheumatic heart disease In the patients with 
mamfestahons of active rheumatic fever, the 
antistreptolysin titers were above 100 units m 76 
per cent to 83 per cent of those who gave a his- 
tory of preceding upper respiratory infection as 
compared with 54 per cent to 68 per cent of those 
without such a history (Figure 1) There was 
no significant difference between the patients who 
had rheumatic polyarthntis without carditis or 



Fig. 1, Eltvated AHnsnrproLysrw Thtr in 339 
Rheumatic Subjects in Relation to Upper Respira- 
TOET Ihtection 

U R L“* upper reipJratory mfcctkm 
5 A I = with and without 
PolyRTth, ’=> polyarthritis 
R H D ■=* rhetunaUc heart disease. 


table rv 

Ifaxxmum antutrepColysxn UUr {untU per cc) in adult rheumatic subjects 



Acttre rii«m»tlc fcrer 

Inmctfre rbeunuBe 
bemrt dlwrow 

PolTsUl^as without 

1 obrkHiB c&nlitls 

Artire cnidltl« 
with poljwrthrltl* 

Actire cnrtDtli 
without polyurthrltli 

With upper 
rwotmtory 
infection 

Wltbont 

upper 

retrlratory 

Infection 

With upper 
re»pir»tory 
Infectloa 

Without 

upper 1 

1 

nuemofl. 1 

Wth upper 
retpirmtory 
mfecUon 

without 
upper ' 
retplrttcry i 

hdecUoa i 

With rrpper 
rwplrttory 
Infection 

without 

upper 

retplrmtocy 

Infcctkio 

Number of patients 
Average number of 
bleedmgs 

Median titers 

Per cent of patient* 
above 100 unit* 
Number of patients 
above 100 units 

39 

19 

230 

82 

32 



28 

20 

200 

68 

19 

12 

2J 

200 

83 

10 

24 
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150 

54 

13 

35 

20 

100 

20 
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104 

20 

100 

23 

24 




















78 


JOSEPH J BUKIM AHD CURRIER MCEU EH 


tho^^c who liad carditis without polj’arthntis or 
those who had both pol}'arthntis and carditis 
We were unable to find a correlation between the 
sc\cnl} of the disease and the degree of titer 
cIc\’ation This finding docs not agree with the 
experience of Cobum and Pauli who reported dis- 
tinct!} higher titers in patients wrth intense or 
prolonged rheumatic actmt} than in patients 
whose rheumatism was of bnef duration or mild 
character Of the 139 patients with inacti\c 
rheumatic heart disease, 35 ga\e a history of a 
recent upper respirator} infection and 104 did not 
The per cent that showed an clc\’ated titer in these 
two groups w'as practically the same, about 20 
per cent 

B Chorea 

Although we behe\e S}dcnham's chorea should 
be considered a manifestation of rheumatic fever, 
we ha\c anal} zed our data in these cases sepa- 
rate!} in \jcw of recent reports questioning this 
relationship (10) The sera of 29 patients wnth 
chorea ha\ c been studied ^ In most instances 
there was no c\ndcncc of organic heart disease 
and no histor} of polj^rthntis or previous upper 
respirator} infections The ages %^ned from 5 
to 21 }cars 

Sixt}-sc\cn per cent of the patients wnth or 
without a preceding upper respirator}^ infection 
showed an antistreptol} sin titer abo\e 100 units® 
The results with patients ha\nng diorea arc com- 
parable to the incidence of elc\^ted titers in the 
group of patients wnth actne rheumatic carditis 
and pol}*arthntis discussed abo\c 

Twent} patients were treated wath fe\er 
thcrap} , the h}j>crp}Tcxia being induced either b} 
repeated t\-phoid \aicane injections or b} means 
of the h}*pertherm As has been prc\aousl} noted 
b} Todd (4) and b} Cobum and Pauli (5), t}- 
pho d \-acanc injections appeared to ha\c no in- 
fluence on the antistreptol} sm titer Similarl}, 
fc\cr induced b} the h}j>crthenn seemed to ha\c 
no effect on the titer 

We could find no strict correlation between the 

< c arc to D- Charles H Snuth and to the 

la t D’' Lcc> P Sj ten fc- rertr Vtr^ vs to studj 18 
ca*« fren* Oi dre^ s i.Icdical Service of Bcllc%*ue 

* (€) tha* of 8 cares of chorea 7 

a 2nre^ atymt 100 uni s 


age of the patient, the seventy of the chorea, and 
the height of antistreptol} sin titer 

n ANTISTREPTOLYSIN TITER IN ARTHRITIS 
A Rhatmafojd arthritis 

Blair and Hallman (9) found that of 45 pa- 
tients with rheumatoid arthntis, 15 showed a high 
antistreptolysin titer Longcope (8) observed 
that the antibody level \yzs raised in 25 of 55 
eases Dawson and Olmstead (11) studied 219 
cases and concluded that m the great majorit} of 
those whose illness was of long duration the titer 
was within normal limits, whereas in the eases of 
recent and particularly of acute onset, a significant 
number showed an abnormal titer 

We determined both the agglutinin titer and 
antistreptolysin titer of 205 sera from 72 patients 
with rheumatoid arthntis The same strain of 
hemol}"tic streptococcus vvtis used as an antigen 
for testing the content of both antibodies ® Rec- 
ord was made of any history of a preceding upper 
respiratory infection and the duration of the dis- 
ease As will be seen from Table V, 85 per cent 
of the patients showed a normal titer and the 
median w'as 50 units Of the 13 patients who 
had suffered wath this condition for less than one 
year, 9 or 69 per cent gave normal titers , of the 
remaining 4 wath titers above 100 units, 3 re- 
ported a recent upper rcspiratoiy infection Of 
the 11 patients m the entire senes with elevated 
antistreptolysin values, 36 per cent gave a history 
of recent respiratoiy infection, whereas only 10 
per cent of patients with normal titers presented 
such a history Thus, in most of our eases of 
rheumatoid arthntis, the antistreptolysin titer was 
within normal limits regardless of the stage of the 
disease or the seventy of clinical s}anptoms W^c 
found no correlation between the antistreptolysin 
and the hemol}'tic streptococcus agglutinin titers, 
three-quarters of the patients with high agglutinin 
titers (1 80 to 1 6W) had a normal antistrcp- 
tol} sin titer 

B Other types of arthritis 

Antistreptol} sm determinations v ere made in 
9 tvjics of arthntis besides rheumatic fever and 

* c used V Y 5 as the antigen for the agglutinin 
titer and WPRL for the production of streptoI>iut 
We 5ubsequcntl> learned that these two labels refer to 
the same strain. 
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TABLE V 

AttltstrepMvnn ttienn 72 paitenU vnih rheumatoxd arikniu 
and its Tclaitan to fianoiyitc streptococcus auluttntn titer 
upper respiratory infections and duratum of tUness* 
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13 

6 

8 

1 
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1 

3 

1 

1 

U 

13 

18 


5 

3 
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0 

6 

6 

30 

34 

67 


18 


4 

e 

11 

t 
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30 
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17 

3 

7 

1 

4 

8 

180 

3 

3 


0 

3 

1 
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0 

1 

xoo 

3 

4 


3 

1 
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0 

1 

3 

no 

4 

31 


1 3 

1 

0 

1 1 

0 

3 

no 

1 

S 


1 

0 

1 

0 : 
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0 

400 

1 

11 


1 

1 

0 

0 

0 

1 


* Where more than one determination was done m a 
given case only the maximum titer was considered 
t In 9 of the 72 case* the exact duration of the illness was 
not determined Of these the titer was 25 units m 3 50 
nnfCs in 3 100 units in 2 and 150 units in 1 

rheumatoid arthritis The criteria for classifying 
these types ha\e been desenbed elsewhere (12) 
The bases for differentiation were purposely made 
very strict and all cases about which we had any 
doubt were listed m one of the two “ unclassified ” 
categories The results arc presented in Table 
VI We studied 493 serum specimens of 320 
patients, Eighty five per cent of the entire gproup 


had titers within normal Imuts Of the IS per cent 

showing a high antibody level, at least one fourth 
w*ere known to have had a recent upper respira 
tory infectiotL The highest percentage of ele- 
\'atcd titers was found in the patients ^vlth unclas 
sified types of arthntis, some of whom probably 
had atypical rheumatic fever It should be noted 
that 2 patients wuth suppurative arthntis due to 
hemolytic streptococcus showed abnormal titers 
Table VII summarizes the titers observed m all 


TABLE VU 

Summary of the aniutrt^yssn titer (units per cc.) of aU 
cases of arthritu studied 


Ttp« of srthriU* 

Nuflaber of 
pstienU 

Medlui titer ; 

Per cent of 
pottentj with 
titert sboTe 
100 



KK&j ptr cc 

S<T anl 

Rheumatic poly 




arthntis 

135 

250 

74 

Rheumatoid 




arthritis 

72 

50 

15 

All other types of 




arthntis* 

318t 

50 

15 


• It ihould be noted that in tho group have been In 
eluded the unclassified types of arthntis some of which 
may have been ahpical rheuinatic or rheumatoid arthritis 
These undassifiea tjmes have been listed separately in 
Table VL 

t The 2 cases of hemolytic streptococcus arthnUs have 
not been included. 


TABLE vi 


Antisireptolynn titer (uftt/r per cc.) tn various types of arUirttis* 
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* When more than one determination was done only the maximum ther was considered The figures und^ the re- 
spective titers represent number of patients having such thers. The last vertical column indicates the number of patlenu 
with titers above IDO known to have recent upper respiratory infections. 
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cases of arthritis studied b\ us It is interesting 
that the incidence of clc\’ated titers in the patients 
valh miscellaneous arthnlides is cxactl} the same 
a'i m the group with rheumatoid arthntis In this 
<^cncs of patients, then, rheumatoid arthritis w^as 
no more apt to be accompanied by clc\aitcd anti- 
streptoKsm titers than were such diseases as gono- 
coccal and tuberculous arthntis The figures in 
tins table also show that the titer ma> be used as 
a diagnostic aid in eases of acute arthntis, when 
elevated, it IS suggestive (although not diagnostic) 
of rheumatic pol}^rthntis 

\ ANTISTKEPTOL^SIV TITER IN OTHER CONDITIONS 

Eryihnna uodosum ma\ be encountered m cases 
of infection wnth hemolj^tic streptococcus and m 
tuberculosis We ha\c made observations on 6 
patients wnth this skin manifestation Only 1 
patient had tuberculosis, and she had a titer of SO 
units In the remaining 5, the maximum titers 
were 500, 350, 250, 150, and 50 Conclusions 
cannot be drawm from such a small senes If 
additional studies should corroborate these re- 
sults, antistreptol}sm determinations might be a 
useful aid in separating the cases of erj^thema 
nodosum as^^ociatcd wnth hcmol}tic streptococcus 
infection from other tj'pes 

Acu^c f'cncardtfts, with or without effusion, is 
associated, m most instances, with rheumatic fever 
or tuberculosis Qinicallj, the differential diag- 
nosis in some eases ma\ be \cr) difficult We 
ha\c observed 7 eases of acute pcncarditis In 
6, this condition de\ eloped m the course of rheu- 
matic fc\cr, and c\cr} patient showed a titer 
nbo\c 100 (400. 300, 200, 150, 150) The titer 
in the 1 ease of tuberculous origin w^s 50 units 

Luf'us cr\t) nuatosits dtssnvtmfus atid penar- 
tcr^Us nodos:tm Because of the similantics be- 
tween <ome features of these two diseases and 
rheumatic fc\cr, it w^s considered of interest to 
male antirtrcp’oUsm determinations m them 
Two patients ^ ith each di'^case (confirmed at 
necrop'^'v m each instance) \ ere folloi^cd wnth 
Veed’r^s o\cr mam months up to the time 
of death Tie anti=; 'tp*oUs n titers were well 
\ idi n ronnal hm t> at all times 

\ ^ su^h as ♦he ant s.rcp*o’}sm 

tnm cn < of ’n en^ 5 * *o die elm can chieflj from 


two points of \ncw (J) the information it nia) 
gi\e as to the ctiolog\^ of certain diseases, and (2) 
its possible usefulness as a prognostic and diag- 
nostic aid 

All investigators here cited, with the exception 
of Wilson and her associates, ha\c found an clc- 
amted antistreptolysin titer in more than 80 per 
cent of patients with rheumatic fc^cr Both Co- 
bum and Todd concluded from this that patients 
wnth rheumatic fc%cr are responding immuno- 
logicallj to a hemoljtic streptococcus infection 
Wilson, Wheeler and Lcask (6), on the other 
hand, believed that in their rheumatic patients 
"the nse of the level of antistreptolysin in the 
serum follownng respiratory infections seemed 
directly related to the extent of the local and 
constitutional symptoms irrespective of the pres- 
ence of hemolytic streptococcus in the phaiymgcal 
flora " They reported also that only onc-third of 
their patients with active rheumatic fever who did 
not have respiratory infections cxliibited a nse in 
antistreptolysin titer and that the titer of active 
rheumatic subjects experiencing respiratory infec- 
tions was similar to that of inactive rheumatic 
subjects with these infections 

Our results do not bear out these findings of 
Wilson and her assoaates, although the antistrcp- 
tolj sm titers did tend to be higher in patients who 
de\ eloped rheumatic fever after distinct respira- 
tory infections than in those whose rheumatic at- 
tacks were not preceded by such infections 
WTicther our patients who ga\c no history of 
respirator}' infections actually had none, we can- 
not be certain, since we saw them, in most in- 
stances, only after the onset of rheumatic symj)- 
toms, but It can be said that these patients did not 
ha^c respirator} infections of sufficient seventy 
to be remembered by them Our findings arc 
largcl} m accord wath those of Cobum and Pauli 
(5) although not m agreement with their report 
(13) that the onset of rheumatic fever coinadcd 
wnth a sharp nse in antistrcptol}sin titer Indeed, 
man} of our patients showed no rise until veeVs 
after the onset of rheumatic fever and in a fair 
number the titer did not nse at all dunng penods 
of obscrv-ation as long as 6 months In this con- 
nection, however, it must be emphasized that some 
patienvS wath such knowm hemol}aic streptococcal 
diseases as scarlet fever and crjsij>elas show no 
antistrep*ol}sm increase, so that the negative find- 
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mgs in some rheumatic patients are of little 
weight m argumg against the hemolytic strepto 
coccal theory of etiology of that disease 

Since It has repeatedly been shown that a nse 
m the antistreptolysin level occurs only after in 
fccbon with hemolytic streptococa and not after 
infection with other micro-organisms our results, 
we believe are m support of the view tliat there 
IS an important relationship between rheumatic 
fever and hemolytic streptococcal mfection 
Whetlier the latter acts in a pnmary or merely in 
a contributory capaaty how ever, cannot be stated 
with such confidence. 

In view of the lack of parallelism between the 
height of anb streptolysin titer and the seventy of 
rheumatic fever, as mentioned previously, the test 
would appear to have little value m prognosis 
As an aid m the differential diagnosis of rheumatic 
fever, tlie anb streptolysin test obviously must be 
interpreted wnth caubon since it is in no way 
speafic for that disease but merely indicates a 
present or recent infection with hemolybe strep- 
tococa Nevertheless, tlie anb streptolysin bter is 
so constantly mcrcased m rheumabc fever and so 
gcncrall> normal m other diseases involving the 
jomts, that we have found the procedure disbnctly 
useful as a confirmatory test, parbcularly in dm- 
ically atypical cases Whether or not measure- 
ment of the anb streptolysin bter may be helpful 
m deadmg whether the mfeebous process is ac- 
bve or inactive in rheumabc pabents is not certain 
Here again the test gives no speafic mdication of 
rheumabc acbvity but it does afford one more bit 
of presumpbve evidence to be interpreted in the 
hght of the clinical and other laboratory findings 

SUMMARY 

1 The results of 1 539 determinabons of the 
antistreptolysin bters of the sera of 817 pabents 
arc here reported 

2 In normal individuals we have found the 
median bter to be 25 umts and the normal maxi 
mum bter to be 100 umts per cc 

3 Eighty per cent of pabents with scarlet fever 
showed a nse in anbstreptolysm bter dunng the 
course of the disease, but m only 48 per cent did 
It rise above 100 units m the 3 to 4-week penod 
of observataon, 

4 The majority of all pabents with acbve rheu 
mabc fever showed a high antistreptolysin bter 


The inadence of elevated bters bore no relabon 
to the vanous chnical manifestabons of the rheu 
m a b c mfeebon Those pabents whose illness was 
preceded by an upper respiratory mfeebon suf- 
fiaently severe to be remembered, showed this 
immunological response more commonly than 
those without a history of preceding upper res- 
piratory mfeebon Pabents 'with inacbve rheu 
mabc heart disease usually had normal bters 

5 The majonty of patients with chorea showed 
an mcrcased bter regardless of whether or not the 
condition ^vas assoaated wth heart disease or 
polyarthntis Age, seventy of illness and fever 
therapy did not seem to influence the antibody 
bter 

6 Pabents with rheumatoid arthnbs, as a rule, 
did not show an abnormal anbstreptolysm bter 
This is in sharp contrast to the high inadence of 
raised hemolytic streptococcus agglutimn bters ob- 
served in these pabents even when the idenfacal 
strain was used as an anbgen to measure both 
anbbodies 

7 Pabents wth other types of arthnbs simi 
larly failed to show an elevated anbstreptolysm 
bter in a significant percentage of cases 

8 Because three-quarters of the pabents with 
rheumabc polyarthnbs showed an abnormally 
high bter and those wth other forms of jomt 
diseases did not, the test was found helpful in 
diagnosis 

9 Pabents with erythema nodosum of hemo- 
lytic streptococcal ongm and pabents with acute 
pence r dibs of rheumabc type had as a rule an 
abnormal bter When, however, these condibons 
were of a tuberculous ongm, the bter was within 
normal limits Here again the serological detcr- 
minabon may be of diagnosbc -value. Further 
studies are needed to corroborate tlus impression 
since the number of cases here reported is small 

10 Several pabents wtli lupus erythematosus 
disseminatus and penartenbs nodosa had a nor 
mal anbstreptolysm titer 

11 In no disease have we found a correlabon 
between the anbstreptolysm titer and the seventy 
of the illness , hence the bter is of doubtful prog- 
nosbe sigmficance, 

12 Finally, it must be borne in mmd that an 

elevated antistreptolysin bter may be found m a 
pabent suffering with a disease not related to, but 
merely preceded by a hemolybe strcpi in- 
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fection To reason that the elevated titer indi- 
cates that the presenting disease is of hemolytic 
streptococcal ongin may lead to an erroneous 
diagnosis 

We Wish to express our thanks to Mrs Rose C Alex- 
ander for her help m carrying out the various technical 
procedures 
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Wc have stated m a preliminary report that the 
cyanosis observed m individuals treated with sul 
famlamide Is due to methemoglobin, and rarely 
to sulfhemoglobm (1) We recognized at the 
time that attempts had been made to cxplam the 
presence of cyanosis on a different basis Mar- 
shall and Walzl (2) mamtained that a black pig 
ment derived from sulfanilamide and present in 
the blood, ^vas the cause of this cyanosis. A simi- 
lar explanation was advanced by Ottenberg and 
Fox (3) They desenbed the phenomenon of a 
bluish purple pigment resulbng when a colorless 
sulfanilamide solution was exposed to ultra violet 
hght We have confirmed this photochemical 
change of sulfanilamide. The results of our in- 
vestigation arc m agreement with those of Hart- 
mann and his assoaates who showed that the 
cyanosis was related to methemoglobin formation 
and that methylene blue administered to cyanobc 
patients caused a disappearance of the cyanosis 
and a reduction in the concentration of methemo- 
globm (4) 

At this time we desire to present further evi- 
dence that the cyanosis is due solely to the pres- 
ence of methemoglobin and in rare instances to 
sulfhemoglobm. Wc have also included the re- 
sults of a study of mdividuals recervmg sulfa- 
pjrndme. Spectral distribution curves were ob- 
tained with the spectrophotometer, using normal 
human blood and the bloods of patients to whom 
sulfamlamide or sulfapyndme was bemg admm- 
istcrcd In imtiatmg such a study we bcheved 
that if any pigment other than mcthemoglobm 
that might cause cyanosis were present, it would 
be detected m the spectral distribution curves 

MATERIAL AND METHODS 

Spectroicopjc ittxUcs have been carried out oo the 
bloodi of 3 normal adoltj IS patients jeccrrlng itjlfanll 
amide, and 5 more to whom eulfapjridine was given. 
From 4 to 8 grams of sulfanilamkle were administered 
to the patients dally m divided doses for several days 


because of the presence of an mfccdocu The free tul 
fandamide m their bloods was determined on the day 
the bloods were examined for metbcmoglobm. These 
levels ranged from 43 to 20£ mgm. of sulfanilamide per 
300 cc. of blood. Sulfaj^mdme was given m divided 
doses for a total of 4 to 9 grams per day The blood 
levels of free sulfapyridme varied from 2 to 14 mgrru 
per 100 cc. of blood. Data for the absorption c urvet 
were obtained with a Martens type polaruahon photo- 
meter m combination with a Bamch and Lomb spectro- 
meter The spcctrophotomctric examlnatioiu were made 
in the range from 480 to 700 nv* Whole blood was di 
hitcd with distilled water to give a concentration of 
1 25 or I 50 This solution was centrifuged for 10 
minutes at 2400 revolutions per mmute (radius 10 
mebes) m order to remove the stroma of the cells and 
clarify the solution. Absorption cells 0.5 or LO cm. in 
length were used over the spectral range from 480 to 
600 nvt and 3 cm. celli were used from 600 to 700 m^ 
The slit of the spectrometer was opened fairly wide 
duTing these obsenrationi so that more light could be 
gathered. This reduced the licight of the oxyhemo- 
globm absorption peak at 576 uyi a few per cent below 
the values which would have been obtained with a nar 
row lilt, due to the decreased resolving power A can 
stant lUt width was used throughout 

The first step was to obtain the normal absorption 
spectra for oxyhemoglobin and methemoglobin. Bloods 
from normal individnals were used, and dilutions were 
made as previously mentioned with distilled vratcr 
Oxyhemoglobin and methemoglobin spectral distribution 
curves were made from absorption spectra of the same 
samples of blood. Absorptioc o£ oxyfaemoglobm at 
576 nu* was arbitrarily made unity in order to cancel out 
the effect of cooccntration- 

Mctherooglobm was formed by the addition of an 
excess of potassium femeyamde- (The amount was 
not measured, but approximated 100 mgm. per gram of 
hemoglobin,) In each mstince it was readily established 
spectroscopicatly that the conversion to mcthemoglobm 
was complete. 

RESULTS 

Normal absorption curves for oxyhemoglobin 
and for mcthemoglobm are shown in Figure 1 
These curves arc the average of several that were 
obtamed by noting the absorption of blood solu 
tions from 3 normal individuals From the 
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Fig, I Aosoapnov Clslvzs of Methemoclobiv and 

OXVHEMOCLOBIN 

Blood diluted with distilled water and centrifuged 

cur\es in Figure 1, it was found possible to con- 
struct curves representing bloods wth given ra- 
tios of ONyhemoglobin and methemoglobin 
These could then be used as a basis for a quanti- 
tatne chemical analysis of blood containing 
methemoglobin, provided there were no other for- 
eign colored substances present m the blood In 
Figures 2 and 3 sucli a family of curves is shown 
for blood diluted with distilled water In these 
figures, the \alucs indicating the amount of ab- 
sorption arc made unity at 576 m/x (Figure 2) 
and 630 m /1 (Figure 3) respectwely In other 
words, one could consider the values plotted to 
be the ratio of the absorption at any particular 
wavelength to the absorption of 576 m/i for 
Figure 2, and correspondingly at 630 m/t for 








Fig, 3 Ratio of tue Adsorttion at any Giv-en 
Wavtlenctu to tue Adsorption at 630if/* for Blood 
Containing Different Proportions of Oxyuemoglodin 
AND Methemoglobin 

Figure 3 In this manner, a correction is made 
for different concentrations of hemoglobin m 
various samples of blood The characteristic ab- 
sorption band of methemoglobin lias a maximum 
at 630 m /1 m neutral or slightly acid solution, 
which makes its identification possible if other 
foreign colored substances were present m the 
blood Therefore, absorption curves of blood 
containing methemoglobin should match one of 
the calculated curves of Figures 2 and 3 through- 
out the entire spectrum Any other colored sub- 
stance could then be detected by the divergence 
of these curves 

Blood wTis obtained from a patient who was 
moderately cyanotic due to sulfanilamide Spec- 
troscopic examination of the blood revealed the 
presence of an absorption band at 630 m/i, which 
IS characteristic for methemoglobin A spcctro- 
photometne stud> of the same sample ot blood 
was made, and the dotted curve seen in Figures 2 
and 3 represents the absorption curve of this 
blood From the position of this curve, it w^ 
estimated that this blood contained 12 per cent 
methemoglobin 

If the dotted curve in Figures 2 and 3 is sub- 
tracted from a theoretical curve that represents 
12 per cent methemoglobin (not shovn in fig- 
ures), the curve of the difference is represented 
b> H The absorption represented by H is no 
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more than would be expected from experimental 
variations Therefore our observations arc con-* 
slstent with the mterpretation that no colored 
substance is present possessing a significant 
amount of absorption over the wavelengths cov- 
ered other than methcmoglobm and oxyhcmoglo- 
bim The blood studied m this and other expen 
ments reported m the paper ^vas diluted with dis 
tilled water similar results have been obtained 
with blood diluted m 04 per cent ammoma, al- 
though the absorption spectra were quite diflferent 
With a spcctrocolonmetnc method previously de 
scribed, the value for the mcthemoglobin concen- 
tration for the sample of blood represented by 
the dotted curve was 10 per cent In 7 addi- 
tional instances compared close correlation was 
found betivecn the results of the spectrophoto- 
metne and spcctrocolonmetnc determinations. 
These data were tabulated in our previous re 
port (1) Since the spcctrocolonmetnc method 
depends entirely upon the characteristic absorp- 
tion band of methcmoglobm at 630 m^i it is un 
likely that such a correlation would be found to 
exist if pigments other than methemoglobm and 
oxyhemoglobin were present in appreciable quan- 
tities The possibility might be considered that 
another pigment having absorption at 630 m^t was 
present, but it would be an unhkely coincidence 
that, m addition to possessmg very similar ab- 
sorption spectra such absorption would also be 
completely removed by methylene blue This is 
discussed later 

The amount of methcmoglobm in a senes of 13 
determinations as calculated in a manner similar 
to that desenbed by Heilmeyer (5), is given in 
Table I The determinations are made from the 
ratio of the extmction coefficients JCtoo/1^4io ^*1 
'The subsenpts refer to the wave- 
length at which the extinction coefficient was 
determined 

Differences m the amount of methemoglobm as 
determined m the different parts of the spectrum 
can be ascribed to an unknown pigment or to 
expenraental errors The majonty of the dc- 
terminatious of this table have had their spectral 
distribution curves plotted in the manner lUus 
trated in Figures 2 and 3 In these cases the 
curves followed those of a calculated mcthcmoglo- 
hm concentration quite dosdy throughout. Thus 
it 13 believed that pigments of unknown nature 
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are not present m sufficient quantity to contribute 
to the production of cyanosis Determinations 11 
and 13 in Table I were made on the bloods of 
patients who were not cyanotic, 

A cyanotic patient, whose blood contained 12 3 
per cent methemoglobm as determined from the 
absorption curves' calculation, was given intra- 
venously 20 cc, of a 1 per cent solution of methy- 
lene blue One half hour after this injection the 
blood of the patient was examined with the spec- 
trophotometer and tbc absorption spectrum ob- 
tained This spectrum ivas that of normal blood 
(determination 11 of Table I) So it would 
appear that the methylene blue caused the removal 
of methemoglobm as well as other colored sub- 
stances, if the latter were present It is important 
to point out that the introduction of methylene 
blue into this patient s blood caused a decrease of 
about 20 per cent of the absorption due to oxy- 
hemoglobin content dunng this half hour penod 
This may well account for the temporary hy- 
perpnea these patients exhibit shortly after the 
injection of methylene blue, usually lasting for 15 
to 30 minutes 

The blood of another patient who was being 
treated with sulfanilamide was studied He had 
no evidence of cyanosis at the time that his blood 
contained 13 mgm per 100 cc. of free sulfamla- 
niide An absorption spectrum of his blood was 
obtained at this time shov,mg an approximately 
normal spectrum The methemoglobm concen 
tration was about 1 per cent (determination 13 
Table I) 

It 13 of mterest that over 50 patients have been 
observed while being treated ivith sulfapyrldme 
In but 1 of these patients has cyanosis been noted 
that could be attributed to the drug This pabent 
had a Type XXVI pneumococcus pneumonia m- 
volving the nght lower lobe with an associated 
massive collapse of the same lobe Sulfapyndmc 
^vas administered and after 48 hours mild cyano- 
sis was noted At this time, spectroscopic ex- 
amination of laked blood (1 5 
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WTitcr) rtvcalcd a \crj weak absorption band at 
630 (nuximuni) \Mien the same sample of 
blood w*as examined spectrophotometncally, the 
peak of the absorption curve wtis m the same 
range as for methcmoglobin One difference in 
the curve wtis noted Absorption wtis slightly in- 
creased m the whole region of 600 m/x to 700 m^, 
as compared to the bloods from patients receiving 
sulfanilamide With the spcctrophotometnc 
method described abo\e, the value for methemo- 
globm (assuming tliat the total absorption wtis due 
only to met- and oxyhemoglobins) was 7 per 
cent Thirty minutes after tlie patient had re- 
ceived 18 cc of 1 per cent methylene blue solution 
mtravenousl>, examination of the blood showed 
the normal absorption spectrum for o^hemo- 
globin The presence of methenioglobm in the 
blood of thib individual, w^ho received sulfapy- 
ridine, appears to be m agreement with the more 
extensive obscrvTitions of Barnett and his asso- 
aates (9) 

The absorption spectra of the bloods of 3 other 
mdivnduals receiving sulfapyridine were studied 
and were found to be quite close to normal, even 
when the blood contained as much as 5 4 mgm of 
free sulfapyndme and 1 mgm of the acetylated 
form per 100 cc There wtis no methcmoglobin 
absorption In these spectral distribution curves 
there was a htUe greater absorption of quite um- 
fonii magnitude between 600 and 700 m/i and for 
a given amount of hemoglobin, as measured hy 
the 576m;A absorption peak, there wtis a slightly 
greater than normal absorption m the region 
around 500m/u This ma> indicate the presence 
of a small amount of an unknown pigment 

The absorption spectrum was determined for 
the bluish-purple pigment that results when dilute 
solutioHik ox sulfanilamide are irradiated wnth ultra 
\iokt This spectrum exhibits a broad absorp- 
tion with a maximum at 570 m;i, trom which 
point ic decreases gradually throughout the visible 
ipcciruin Its presence, when mixed with blood, 
would be detected b} an increase m absorption m 
the red region oi the spec rum There should be 
lo <iitTcu!t> m separating methcmoglobin irom 
vlus p grrent 

DIlsCLSSlON 

As no.cd m oar p’^cl imnaxv report (1), ilie 
tro-i pa’wms 'u U*c become c>aro^^c 


after receiving sulfanilamide has alwnvs b<xn 
found to contain methcmoglobin (or rare!) suU- 
hcmoglobm) when examined m suflicient concen- 
tration We bchevc that failure by others to ob- 
serve methemoglobin m such instances is probabl> 
on the basis of too great dilution of the lakcd 
blood Thus we have noticed on a number of 
occasions that the methemoglobin band could not 
be detected in blood diluted 1 20 or even 1 10 
with distilled water, but that it was distinctly vis- 
ible m a dilution of 1 5 (This applies to a 2 
cm thickness with a Zeiss grating spectrometer) 
The present spcctrophotometnc study has faded 
to reveal the presence of any pigment other than 
methemoglobin in the blood of c>anotic patients 
receiving sulfanilamide On the other hand, 
neither cyanosis nor methemoglobinemia has been 
noted following sulfapyndme therapy In this 
connection, it is of interest that we have not been 
able to affect sulfapyndme with ultra violet light 
Pigments such as those derived from sulfanila- 
mide under similar conditions do not appear 
The significance of this difference is not clear, but 
it may be that methemoglobin formation is de- 
pendent upon denvativcs of sulfanilamide which 
are not formed m the body from sulfapyndme 
Webb and Kniazuk (6) have recently reported 
the presence of pigments other than met- or 
sulf hemoglobin (although these were also noted 
at times) m the blood of rats receiving sulfanila- 
mide In companng their results with those of 
the present study, several points deserve mention 
The difference m speaes may or may not be of 
significance The amount of sulfanilamide which 
the> used \vzs 15 to 40 times that used in the pa- 
tients of the present senes It would be interest- 
ing to know whether the concentration of sul- 
famlamide in the rats' blood was in an> way 
correlated with Webb and Kniazuk s finding of 
pigments other than met- or sulihemoglobm 
They did not report data on the blood sulianila- 
niide level The ver> large doses which the> used 
evideml> were often productive of severe lOKic 
effects since thc> note that '' when there seemed lo 
be danger of ilie animal d>ing, the dose vas re- 
duced to 1 5 grams per kilo " (irorn 2 grams per 
kilo) Severe toxiat), on the basis of such nus- 
sive dosage, u a factor oi uiiruio .n significance 
vuh re: 3 pect to p gment metabolism, and ihu fac- 
tor wHo ab:^nt m the present ^md^ 
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Wcndcl and Wcndd (7) have recently reported 
their results of spectrophotometnc and gasometne 
measurements of the bloods from cyanotic pa 
tients recavmg sulfamlamide Their data indi 
cate that methemoglobm is the pnnapal if not the 
sole source of the abnormal color of the blood. 
On the other hand, Bigler and Werner (8) usmg 
a gasometne method found that appreciable cy- 
anosis may occur without the presence of inactive 
hcmoglobm Likewise cyanosis occurred without 
methemoglobm or sulfhemoglobm bemg demon- 
strated. It IS difficult to mterpret the results of 
Bigler and Werner, since they do not state the 
dilution of blood examined spectroscopically or 
the thickness of the tube used 

SUMMARY AND CONCLUSIONS 

1 The cyanosis observed m man following sul- 
fanilamide therapy is explamed by the presence 
of methemoglobm (rarely sulfhemoglobm) 

2 Methylene blue abolishes the cyanosis due to 
methemoglobm (and other pigments if present, 
except sulfhemoglobm), and the spectral distnliu- 
tion curve of the blood becomes normal 

3 Spectrophotometnc studies of the blood of 
sulfanilamide treated patients have failed to reveal 
the presence of pigments other than methemo- 


globin m quantities large enough to contnbutc 
appreciably to cyanosis. 
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Prease measurements of many of the physio- 
logical characteristics of the kidney depend on the 
pnnaplc that the clearance of any freely filtrable 
compound which is excreted only by the glomenih 
is identical with the filtration rate Rehberg, the 
first investigator to apply this pnnaple to the 
human kidney suggested the use of exogenous 
creatinme as a measure of the filtration rate (1) 
Later it was demonstrated that exogenous ere 
atinme is excreted by the tubules as well as the 
glomeruh of the human kidney (2) Many other 
compounds have been suggested for the measure 
ment of glomerular filtration rate m man but of 
these only inuhn has achieved wide acceptance 
The evidence supporting the muhn clearance as 
a measure of filtration has been reviewed ex 
tensively by Smith (3), and needs no detailed 
repetition The evidence so far presented is not 
entirely conclusive and consists chiefly, if one 
omits the rather questionable evidence based on 
consideration of the diffusion characteristics of 
muhn and its behavior m speaes far removed 
from the human of three types of observations 
(a) when tubular function is depressed by phlo- 
rum, or when the tubular cells are ‘ saturated ” 
with glucose, ascorbic aad etc , the clearances of 
a number of compounds approach the value of 
the muhn clearance (3) (6) the muhn clear- 

ance remains constant when the plasma concentra 
tion of muhn is varied over a wide range (4) , 
and (c) m a certain number of cases the specifi- 
cally determmed, endogenous creatinme clearance 
i« equal to the muhn clearance (5) 

The evidence supporting the muhn clearance 
would be much strengthened if several compounds 
of different molecular configuration could be 
shown to possess the same excretion character- 
istics as muhn. Such correspondence has been 

^ Aided by a grant from the Douglas Smith Founda 
bon for Medical Research of the University of Queago. 


demonstrated m the dog for inulm, creatimne and 
ferrocyamde, but the same relationship does not 
hold for the human kidney * 

Shannon and Smith (4) have rightfully stressed 
the importance of the fact that the muhn clear- 
ance m normal and phlonnnucd man is inde- 
pendent of the plasma concentration In their 
experiments they vaned the plasma concentration 
from 50 to 400 mgm per 100 cc. and observed 
complete mdependence of the clearance values m 
this range. However we feel that these excel- 
lent observations need amplification m Uvo re- 
spects one, the observations do not mclude pa- 
tients suffenng from nephritis or hypertension, 
and the other, that m the range of relatively 
high plasma concentration which they studied, 
these authors could have observed the effects of 
only rather considerable amounts of tubular ex- 
cretion or reabsorptioiu That is, upon consid- 
eration of mmunal vanations m clearances from 
penod to penod and also of the minimal errors 
involved m the numerous analytical mampula- 
tions It appears that secretion or reabsorption of 
5 mgm, per minute of muhn could not have been 
noted by these authors and possibly quantities 
somewhat larger might have escaped detection. 
It can be shown by a simple calculation, as devel 
oped later m the section on discussion, that such 
quantities of secreted or reabsorbed muhn could 
be detected readily by clearance studies at plasma 
levels below 20 mgm. per cent Previous analytl 
cal methods for the determination of muhn were 
inadequate for study of inulm clearances at such 
low plasma concentrations Recently a suffi 
aently sensitive and prease method has been m- 
troduced by Alvmg Rubm and Miller (6) 
With this method we have been able, m the pres- 

» Recent preliminary ttudie* by Smith (10) ftiggeit 
that lorbhol and mannitol are excreted *** 
brdy by glomerular filtration. ^ 
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cnt paper, to make the needed comparison of the 
inulm clearances at high and \crj low plasma 
lc\e]s m normal, nephntic and hvpertensne 
individuals 

Calculation of the clearances 

Inulm clearances were obtained dividmg the urinary 
excretion of inulm per minute b> the concentration m 
the scrum at the mid-pomt of the period In those ex- 
periments m which constant mfusions were gi\cn the 
blood was drawn at the mid-pomt of the penod In 
others, m which a single dose of inulm was injected, a 
number of blood samples were analyzed and their con- 
centrations plotted on semi-Ioganthra paper The mid- 
pomt concentrations were obtamed from the graph and 
it was sufficient!) accurate for our purposes to take this 
mid-pomt concentration as the average for the period 

L/rea clearances were calculated b> the usual formula 
of UV/B whenever the urmc volume was greater than 
2 cc. per minute, as it W'as in almost ail the periods of 
cvcr> experiment but one. In the one experiment where 
the urmc volumes were below the “augmentation limit “ 
the urea clearances were calculated as U"^V/B 

Analytical methods 

Fresh urmc specimens and blood scrum were croplo>cd 
for all the analyses, 

Inxilin Analjscs of mulm were performed on cad- 
mium filtrates by the colorimetric method of Alving, 
Rubm, and Miller, with the smgic modification of the 
substitution of a Number 635 Evc1>ti filter m place of 
the 660 filter recommended originally The acid-alcohol, 
diphcnjlammc reagent wais made fresh each day Glu- 
cose m the serum and urine was removed by fermenta- 
tion with jeast, fermentation is necessary when the urine 
inulm concentration is low, even m the presence of a 
negative Benedict's test for glucose. 

To obtain as precise inulm clearance values as possible, 
the urmes were diluted to contam ncarl> the same con- 
centraton of mulm as the corresponding scrum filtrates. 

Urea The urea m the scrum filtrates was determmed 
b) the hjpobrormte method of Van Sl)ke and Kugcl 
(7) and the urea in unne b> the urease method of Van 
Sl>kc (8) 

Plan of experiments 

Two t>pes of experiments were performed. In one, 
cociur«,cjs infus ens of malm were given to mamiain 
cons art plasma levels, and la the other t>pe a single 
mjca cn of m Jm was made and the deararces obtxred 
ca a falLrg curve ox plasma co^'centraun. For both 
1>P>CS cxpermicnts certam *edm cal detaJs vere the 
same, as The subjects acre xept in bed for 12 

hc^s bek'e tre expe-^menw. Brea^tast censu cd of 
case, e% ard C''e-halx glass ot 2D3 cc. of aa*cr 

were gnen c\eiy ha.i c- 1 fer 3 hours beicrc the 
n'it cta.-an:c ar-i a^ durj-g Ju: expenmm^ 


Lnne speamens were collected b> calheteriziticn, fol- 
lowed b> three washmgs of the bbdder with 20 cc. per* 
tions of phvsiological saline. The washmgs were added 
to the urine obtamed b> cathctcnzatioru Blood samples 
were obtamed b> venipuncture In almost every experi- 
ment an active diuresis was obtained, and except for one 
experiment the urine volumes were considerably abosc 2 
cc per mmulc 

In the experiments with constant mulm plasnu levels, 
a pnmmg dose of mulm was given and this was followed 
immediately by the continuous injection of a dilute solu- 
tion of mulm m ph>sioIogical saline The quantities 
were calculated to give m the first plateau a constant 
level of approximately 5 mgnu per 100 cc of plasma 
The sustaining solutions were given at the rate of 2 cc 
per minute by means of a special pump designed by Dr 
H R. Jacobs Thirty minutes were allowed for cqui 
hbrium, then two or three clearance periods of 20 to 30 
minutes* duration were obtained. Another dose was then 
given to raise the plasma concentration to the desired 
level, and the sustaining solution replaced with a more 
concentrated one Again after the equilibrium period 
several more clearance periods were obtamed. 

In the other type of experiment, 10 grams of mulm 
m 100 cc of ph>5ioIogical saline were administered in- 
travenously Blood samples were drawn at 45 mmutes, 

1 hour, IS mmutes, 1 hour, 45 minutes, 2 hours, 15 
mmutes, and 3 hours after the initial injection. Urmc 
collections were begun 30 minutes after completion of 
the mulm injection, and were so timed that the above 
blood samples fell at the mid-pomts of the clearance 
periods 

RESULTS 

Table I presents a summary of experiments 
on 6 normal individuals In the first 3 expen- 
ments the mulm clearances were obtamed at 
plasma levels maintained by constant intravenous 
injection, and m the other 3, after a single intra- 
venous injection of inuhn It is apparent that the 
mulm clearance at very low plasma levels corre- 
sponds closely to the v'alues obtained at relatively 
high concentrations In the first 3 experiments 
the average clearance at the lower plasma level is 
12 per cent to 17 per cent lower than the average 
at the higher concentration These differences 
are small when contrasted with the 900 to KOO 
per cent increase of plasma concentration m these 
expenments It is significant that in each of the 
first 3 expenments, at least one period m each 
lov.er plasma plateau had as low a urca/inulin 
clearance ratio as observed at the higher plasma 
level This indicates that there is no real tend- 
ency for the mulm clearance to drop to a Io..cr 
value with the decrease m plasma corceniration 
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TABLE I 


CUctanus ai hi^h and Uno pldtma cvru:tniraiions of 
inultn xn normcl individuals 


Sabjcct 

Inslla 

Ratio 

ckaj*oce 

PUrou 

coacentrmUon 

ClwaiKe 

D K. 

Aide 

23 year* 

ptr too u. 

4.53 

4i5 

56 t 

51 9 

49 6 

Pfr min. 

P*r 1 n tq m 
101 

120 

120 

116 

uo 

060 

045 

0 56 

044 

043 


10 9 

105 

065 

M B 

9.89 

123 

044 

Aide 




21 yean 

96 4 

131 

0 48 



125 

0 52 


34 

121 

040 

B E 

3 6 

121 

0 43 

Male 




22 year* 

50 9 


040 


45 7 

HhH 

0 48 

1 

■H 



AW 




Male 1 




31 years 










105 


L B 1 


109 


Female 

144 

103 


36 year* 

20 8 

89 



347 

91 



104 

93 


L A 

14 6 

76 


Male 

184 

91 


4i year* 

254 

74 



374 

86 



If such a tendency did exist one would anticipate 
a consistent nsc in the urea/inulm clearance ratio 
In the other 3 expenments performed after in- 
jection of a single dose of inulm the results dem 
onstrate the same tendency for the mulin dear 
ance to retain at low plasma levds the same abso- 
lute value as at the higher concentrations. In 2 
of the 3 experiments (L. B and L, A ) the dear 
ances are sbghtly higher at the low levels than at 
the higher plasma concentrations This was due 
most likely to changes m the filtration rate during 
these penods rather than to a specific effect of 
the low plasma concentration on the dcarances 
Since urea dcarances were not obtained, these ex 
perunents are somewhat less satisfactory than the 
previous ones m which the urea/mulm ratio gives 


a relatively satisfactory index of any changes in 
the filtration rate that might have occurred from 
penod to period. However, these 3 expenments 
demonstrate dearly that the mulm deanmee at 
plasma levels of 5 to 10 mgm. per 100 cc. shows 
no consistent deviation from the clearances ob- 
tained at levels four to five times higher 
In Table II a summary is presented of the re- 
sults obtamed on 6 patients suffenng from van 
ous types of nephntis The results are essentially 
the same as those obtained with the normal mdi 


TA6LB 11 

CUaratUM ai htzh and low plasma conconlraixott of tnultn 
tn tndtvtduois wUh various typos of nopknUs 


Sublect 

nuxootii 

InuIIo 

Ratio 

orcaAoullQ 

deanm 

PUwnm 

oonceo- 

tmioD 

Ckaranc* 

V S 
Female 

23 year* 

Nephrosis 

100 a. 

4 81 

4 70 

70 9 
648 

« p€t 
mim ptr 
17apt m 
86 1 
868 

110 

974 

063 

048 

049 

0 45 

E S 

Male 

25 years 

Chronic 

gtoroerulo- 

nephriti* 

4 1 

44 

10 0 

11 4 

7.8 

704 



A T 1 

Male 

21 year* 

ChronJC 

glomerulo- 

ncpbntU 

803 

783 

6 98 

852 

83 6 
824 

22 1 
164 

14 1 

13 5 
164 
94 

0 41 

0 47 

0 46 

043 

045 

047 

M C 1 

Female ' 
37 iear* 

Chronic 

glomerulo- 

nephritis 

7 7 

74 

74 

67 1 
614 

61 2 

22 1 

203 

19 0 

235 

204 

22 2 

080 

0 88 

0 82 

0 79 

0 79 

0 77 

M H 1 

Female 

39 year* 

NephrotJ* 

1 69 

10 0 

1 13 0 

1 19 1 

27 7 

934 
107 4 
122 6 

85 8 
110 8 


B E. i 

Male 

20 year* j 

Subacute 

glomcrulo- 

ocphrltl* 

' 87 
134 

1 18 4 
254 

1 36 0 

92 8 
884 
894 
103 0 
807 
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’ iduals and show the independence of the mulin 
clearance from plasma concentration The cases 
studied show considerable \anety m the chmeal 
picture or Bright's disease Two cases (A T 
and M C) were t>pical ad\anced cases of 
chronic glomerulonephritis with marked loss of 
renal function One patient (BE) had the dis- 
ease for 4 months without much impairment of 
ruial function, the remaining patient with glo- 
merulonephritis (E S ) had the disease for 4 
}cars, and at the time of the expenment showed 
about 50 per cent of normal kidney function In 
the other 2 patients (V S and H ) the diag- 
nostic criteria corresponded to those of so-called 
genuine Iipoid nephrosii,, however, as generally 
turns out to be the case, these patients will prob- 
abl> be shown eventually to have been m the 
nephrotic stage of chronic glomerulonephritis 
The results of experiments on 3 patients suffer- 
ing from severe essential hypertension are given 
m Tabic III The mulm clearances m 2 of the 
patients (M F and B H ) have the same values 
at the low plasma level as at the higher ones In 
the remaining patient (L M ) the absolute values 
of the clearances obtained at 4^ to 4 5 mgm per 
cent arc lower than those at 3S to 50 mgm per 


table m 

CUcrarccs ai hi^k and 1 <kd plastna conuniraiion of xnuhn 
in individuals u'lth essential hypertension 


Subject 

lauiia 

Ratio 

Uica/lnuUn 

clcoraiice 

PUi-ia 
concent ration 

1 Clearauc* 



ce. per mi ft 



m^m ^cr ICO u 

p<f J S2 m 



6 1 

71 4 

0 59 

M F 

56 

76 4 

0 52 

Mak 




46 >eaxs 

659 

69 0 

0 54 

1 

57 

122 0 



57 

lOS 


D H ' 

13 9 

102 


Male 

12 4 

107 


25 >caT> 





36 9 

103 ; 



32 7 

ns 1 



4J 

95;> 

064 


45 

94 4 1 

0 53 

L M 

4^ i 

6iS 

oso 

FciLa c 

1 




■»9 7 

U7S 

0 47 


43 9 

113 6 

0J3 


3s 0 

99 1 

0 45 


cent These differences appear to be due to a 
specific effect of the plasma level oi mulm smtt 
there w^s an elevation ot the urea/mulm ratio at 
the lower level In the third period ot the low 
plasma plateau the effect is \tr> marked, and the 
mulm clearance in this period is about 50 cc Ik- 
low the next period obtained at a much higher 
plasma concentration Even so, is brouglit out 
later m the discussion, this unutjuallj low clear- 
ance, which rcpre^icnts in exceptional cai^e m our 
experiments, would indicate the reab^orption of 
only 2 mgm of inuhn per minute 

DISCUSSION 

The experiments described m this paper were 
designed to detect possible tubular excretion or 
reabsorption of mulm by the kidnc> of normal 
human subjects and also m individuals suffering 
from nepliritis and hypertension It is axiomatic 
that the amount of an inert compound excreted 
entirely by glomerular filtration has within certain 
wide limits no maximum, and its excretion is 
directly proportional to plasma concentration 
However, since tubular excretion and reabsorp- 
tion are in most cases dependent on specific activi- 
ties of the tubule cells, these processes tend to 
have well-defined maximal rates Thus filtration 
may easily mask the effect of tubular activity if 
proportionality between clearance and plasma 
concentration is studied at high plasma values 
This phenomenon, and the rationale of our ex- 
periments, can be illustrated best by the calcula- 
tions shown m Table IV As pointed out in the 
introduction, it is reasonable to assume that the 
tubular excretion or reabsorption of 5 mgm per 
minute of mulm could not have been detected by 

TVBLE IV 

Det’ujttons of the tnului clearance from tlu true fxltra 
lion rate that uoutd result from tubular excretion or r*.- 
absorption of a sn>all quantity of inultn (o fiPralton rate 
Of ICO cc per minute is arbitranlj cnostn) 


Inulm 

cicjctica c{ 5 rr4trtcfi;,«wa c( > 

Pbuaia cirutc 

»X»J itr 

too u 

100 105 

20 12S 

S 200 


95 

75 

0 
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previous cxpenments which were conducted at 
relatively high plasma concentration If for ex- 
ample one assumes a true filtration rate of 100 
ca per mmute at a plasma value of 100 mgra 
per cent (a value used very frequently in experi- 
ments with inulm) then the assumed amount of 
tubular excretion or rcabsorption would have 
caused the clearance to change to 105 ca or 95 cc, 
respectively It is doubtful whether the ana- 
lytical methods employed would have detected the 
change, or if they had whether any particular 
sigmficance could be attached to a 5 cc. per mmute 
variation m clearance from penod to period 

However if the clearances liad been deter- 
mmed at 20 mgra per cent plasma concentration, 
then the 5 mgm tubular excretion or rcabsorp- 
tion of malm would have caused the clearance to 
change to 125 cc. and 75 cc, respectively These 
deviations from the true filtration level of 100 cc. 
could be detected At a plasma level of 5 mgm. 
per cent the 5 mgm tubular excretion or rcab- 
sorption would give clearances of 200 or 0 
respectively 1 

The results of our experiments show that at 
plasma levels in the range of 5 mgm. per cent 
the muhn clearance has essentially the same value 
as at the high ranges of plasma concentration 
This appears to rule out defimtely the possibility 
of any appreciable amount of active tubular ex- 
cretion or reabsorption of a fixed quantity of 
muhn. In a few experiments, it is true, the clear- 
ance values were slightly lower at the low plateau 
than at the high one. For the normal mdividuals 
the experiment on B E shows the greatest differ- 
ence between the clearance at low and high plasma 
values Assuming that the difference between 
the clearances of 121 and 150 was caused by tubu- 
lar reabsorption of mulm then the amount reab- 
sorbed would be 29 X 0 036 = 1 mgm. per mm 
ute. It 13 problematical whether even such a shght 
quantity of reabsorption occurred m this expen 
ment because the urea/inulm ratios were rela- 
tively constant throughout the entire experiment 
Thus It appears from the experiments on normal 
individuals that there is no tubular excretion of 
muhn and very httle, if any, reabsorption of mu 
lin by the normal kidney Similarly it can be 
said from the experiments on 6 nephntic mdi 
viduals that there is no greater tendency to tubu 


lar excretion or reabsorption m the ncphntic than 
in the normal kidney 

In 2 of the mdividuals with essential hyper- 
tension there was no evidence of tubular excrc 
tion or reabsorption of mulm. In the third case 
(L. M ) the last clearance obtained at the low 
plasma concentration was exceptionally low, 49 cc. 
below the first clearance at the high plasma pla- 
teau. This low clearance could have been caused 
by the reabsorption of 49 X 0 042 = 21 mgra 
of muhn per minute. The analyses for this pe- 
nod were rechccked and found to be correct 
Also the urea/inulm clearance ratio rose sud- 
denly m this penod to the unusually high value 
of OBO The high ratio could conceivably be 
caused by the reabsorption of an unusually small 
percentage of the filtered urea but this seems im- 
probable because the urea clearance agreed with 
the values for prccedmg and succeeding periods 
Hence, this penod probably represents an excep- 
tional example m which the kidney tubules reab- 
sorbed a shght, but defimte, quantity of mulm. 
It 13 probably fortmtous that this exceptional re- 
sult was found m a patient with hypertension 
rather than m a normal or ncphntic individual 

It 13 possible to raise an obvious objection to 
the type of reasonmg employed m these expen 
ments We have assumed that if tubular excre- 
tion or reabsorption of muhn does occur, the 
maximum amount of mulm capable of crossing 
the tubules would be a relatively fixed quantity 
per mmute. One may argue that the tubular re 
absorption or excretion of muhn would be propor- 
tional to the concentration m the plasma that is, 
a constant percentage of the mulm brought to the 
kidneys would be transported across the tubule 
cells Such an hypothesis cannot be excluded 
though no data support it However the ex- 
tensive evidence now available on the function 
of the tubules indicates that they can excrete or 
reabsorb relatively fixed maximal quantities of a 
number of compounds (9) Thus the basic as 
sumption ivhich is made m this paper regarding 
the excretion of mulm is entirely compatible with 
the known facts. 

It may be asked whether it is worthwhile to 
ascertain if the mulm clearance is a precise meas 
ure of the filtration rate. Would not the clear- 
ance be as satisfactory for physiological and chm 
cal measurements if it were withm 5 per cent of 
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the true valued la most cases the absolutely 
precise ralue maj not be necessary, but it be- 
comes hjghl> important whenever one investigates 
tubular activity at high plasma concentrations of 
a given compound For example, m ascertain- 
ing the maximum quantity of exogenous cre- 
atinine excreted by the tubule cells (2), it may 
be necessary to subtract a filtration value of 120 
from a creatinine clearance of 135 to obtain the 
tubular clearance It is apparent that even a 
few per cent uncertamty m the true filtration 
rate would introduce large percentage errors in 
the estimation of the tubular clearance 

The demonstration that the inulm clearance at 
low plasma concentration has the same value as 
at the high levels previously employed leads to 
certain practical applications In the first place 
It permits one to do experiments after the injec- 
tion of relatively small quantities of inulin This 
reduces the dangers from reaction to the pjro- 
genic material which is found sometimes in the 
most carefully purified inuIm Also, reduction 
of the quantity of muhn represents a considerable 
saving of money when many expenments are 
performed Another important advantage is the 
opportunit> aflforded to follow the muhn clear- 
ance for \cry long periods of time after a single 
intravenous injection of muhn And finally, one 
may determine glomerular filtration rate very 
simply in the normal or diseased human kidney 
The details oi a simplified clinical procedure for 
the measurement of glomerular filtration rate will 
be described elsewhere 

SUMMAKV 

Inulm clearances have been determined at very 
low plasma levels by the sensitive, colorimetric 
method deviled b> Alving, Rubm and Miller for 
this purpo:»e As shown by calculation, small 
quantities of tubular excretion or reabsorption of 
muhn would cause the mulin clearance at low 
plasma levels to deviate markedl} from the v'alues 
obtained at high plasma concentrations Our re- 
sults den*om>tnite that the muhn clearance m the 
range oi 5 mgm per ICO cc of plasma closely 
approximates the clearance obtaired at much 


higher plasma concentrations The results indi- 
cate that m most cases there is no tubular excre- 
tion or reabsorption of muhn In an occasional 
clearance penod there was a possible rtabsorpUon 
of 1 or 2 mgm of inulm per minute, amounts 
which may be considered negligible for most 
purposes 

Studies have been made on normal individuals 
and patients with severe essential h>pcrtension 
and vanous t>q)es of nephritis Our results sup- 
port the evidence, accumulated chiefij by H W 
Smith, J A Shannon, and their collaborators, 
for the inulm clearance as a precise measure of 
the glomerular filtration rate in the normal hu- 
man kidne>, and strengthen the evidence for the 
diseased kidney 

The authors are indebted to tlie Pfanstiehl Company 
for generous gifts of inulm* 
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THE CONTROL OP THE DOSAGE OF ANTISERUM IN THE TREAT- 
MENT OF PNEUMOCOCCAL PNEUMONIA I A STUDY OF 
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In 1917 Dochez and Avery (1) isolated from 
cultures of actively growing pneumococa and 
from the blood and urine of patients suffenng 
from pneumonia a soluble substance which poa 
sessed the property of precipitating homologous 
antibody Findmg that this " speahe soluble 
substance ' neutrahzed the protective action of 
anbpneuraococcal immune bodies, Cole (2) m 
the same >ear, advanced an important hypothesis 
He suggested that antiserum administered them 
peuticalJy could not be expected to influence the 
course of pneumococcal pneumoma until an ex- 
cess of antibody had been given over and above 
that needed to neutrahze the specific soluble sub- 
stance arculating in the paticut^s blood The spe 
afic soluble substance is now kno\vn to be a com- 
plex polysaccharide derived from the capsule, spe- 
afically antigenic, and chemically unique for each 
type of pneumococcus More recently it has been 
found in high concentration m pneumonic pulmo- 
nary exudates (3) and lias been shown to nullify 
the opsonizing properties of homologous antibody 
m vitro (4), as well as neutrahze its protective 
action in mvo 

The importance of the hypothesis advanced by 
Cole hes m the fact that the quantity of polysac- 
charide to be neutralized m the blood of patients 
with pneumonia vanes withm extremely wide 
limits. Tlie production of polysacchande depends 
upon many factors including the duration and 
extent of the infection the rapidity with which 
the pneumococa are multiplying m the lung m 
vasion of the blood stream and the polysacchande- 
produang power of the particular type of pneu 
mococcus causing the pneumoma.^ These com 

^It haj been ihown by Ward (5) that the polytac 
charide produontf power of different typei of poenmo- 
cocci vane* apprecably Type HI pocatnococcui, for 
example, produce* conilderably more polysaccharide than 

type L 


plex vanables make it impossible to predict the 

neutralizing dose ” of antibody for any indi- 
vidual patient Unfortunately, the logical con 
cept of the interaction of antibody and polysac 
chonde has been almost entirely ignored by 
clmicians as evidenced by the fact that only rarely 
13 any attempt made to control the dosage of anti 
body m the serum treatment of pneumonia. It 
IS still a common practice to give antiserum ac 
cordmg to arbitrary rules based upon speafied 
clinical entena (6) As will be illustrated by 
cases encountered dunng the course of the present 
study (7) variations in antibody requirements 
are too great to be defined even approxunatcly by 
any such rules. 

The fadure of dimoans to adopt methods of 
controlling the dosage of antiserum may best be 
explained by the fact that the usual serological 
tests designed to detect the presence of antibody 
m the blood are not practical Agglutination 
methods entail the use of specific antigens, usually 
fresh cultures or vacanes, for each type of pneu 
mococcus and require a sample of the patients 
blood scrum for every determination Preapibn 
tests arc open to similar criticisms, and at times 
the sigmficance of a positive reaction with ather 
method is extremely difficult to evaluate, smec 
agglutinins and preapitma may occasionally be 
detected in the blood before suffiaent antiserum 
has been adramistcred (6 7 8) 

In 1933 Franas (8) reoiramcnded aa a giude 
to scrum therapy a akin test with the speafic cap- 
sular polysacchande of the pncumococciu Two 
years earher TiUct and Francis (9) had shown 
that pneumococcal polysacchandcs when injected 
mtraderraally mto patients convalescent from 
pneumoma caused an immediate wheal and ery- 
thema skin reaction appeanng m 10 to 20 
mmutes and fading after 1 to 2 hours The 
polysacchande causing the reaction was found to 
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be always homologous in ty-pt to the pneumo- 
coccus causing the pneumonia The patient's 
capacity to react became manifest coincident with 
rcco\ery from the mtection and was in\anably 
assoDated with the presence of type-specific anti- 
bodies (agglutinins and precipitins) m the blood 
Francis and Tillet m 1931 (10) extended their 
obscr\’ations and reported that reco\evy from ty^^e 
I pneumonia in serum-treated cases was associated 
with the development of a positue skin reaction 
to type I polysaccharide In fatal cases, how- 
c\cr, treated with type I antiserum, although type- 
specific antibodies were sometimes present m the 
blood, tile skm test remained negative In every 
case where the skin test became positive the pa- 
tient recovered 

These early observations suggested that the skin 
test with capsular polysaccliande might serve to 
indicate when serum therapy could safely be dis- 
continued After employing the test in forty- 
eight cases of serum-treated type I pneumonia, 
Francis (8) concluded that the skm test w^s a 
\'aluable guide to serum tlierapy and a definite 
prognostic aid He pointed out that the test was 
far simpler and more practical than agglutination 
tests and that it possessed the additional advantage 
of serving as more than a mere index of arculat- 
ing antibodies, a positive reaction being apparently 
the resultant of the presence of specific antibody 
in the blood and a state of reactivity of the skin 
associated with reco\ery “When positiie," he 
wrote, “it ini'anably denotes that recovery has 
begun, when negati\e it indicates further serum 
therapy “ 

.Vlthough the important observations of Franas 
were published m 1933, the skin test with capsular 
polysaccharide has been used \ery little as a guide 
to serum treatment Abemetlty (11) and Mac- 
Leod, Hoagland and Bee:>on (12) at the Hospital 
of the Rockefeller Institute ha\e extended and 
confinned the studies oi Franas, and the test has 
been used rouunely ui that hospital for se\eral 
\ears ELewhere, howe\er, it ha:> found little 
lavor The apparent di:>repute into which the 
icit lia^ fallen at the liands oi other wnter^ (6, 
13, 14, 15) would item to be explained by the fact 
tint ti e meel*ani:^m of the Francis skin reaction 

no'^ clea*'!} underi^tood, and its several hmita- 
uoiu ha\e rot been careiutK enough defined to 
prevent mis^ntcrpreJi leiu 


The purpose oi the present mvestigaliou has 
been to determine the various faetor^ wlncfi con- 
trol the sknn reaction to type-:,peci(ic pneumocoeol 
polysaccharide and, by a detailed clinical study, to 
evaluate further its advantages and disadvantages 
as a practical guide to serum therapy The re- 
sults of tlie clinical study will be reported m a 
second publication (7) 

METHODS 

Spuctfic capsular pQl^sacclwidi.s The type-specific 
capsular pob saccharides of pneumococci of t>pc:> l~Vlll 
and XIV were kindly fumishcd by Dr L D Felton ot 
ihe National Institute of Hcaltle Thc> were prepared 
according to the methods of Felton (16), and none of 
the final products gave positive reactions for protein or 
contained 'C" fracUon of the pneumococcus when tested 
against heterologous scrum,^ The polysaccharides were 
dissolved m normal salt solution at a dilution of 1 10,000 
and WLte stored in the icc box 
Skm tests uU/j polysacchandc Skm tests were per- 
formed by injecting 0 1 cc, of a solution of polysaccharide 
into the skm of the volar surface of the forearm or 
upper arm (In a few cases the pectoral area and epi- 
gastrium were also used) As a control. 0 1 cc, of normal 
salt soIuUon was always mjccted a few cenUmeters from 
the site of injection of the polysaccharide All injcc 
tions were intradermal and the tests were read after 15 
to 50 minutes A test was considered positive only when 
there appeared a definite wheal surrounded by an area of 
erythema, 

Antipncumococcal SirTum Antipncumococcal scrum 
was supplied by the Lcdcric Laboratories, Inc. and E, R. 
Squibb and Sons Scrum generously donated for 
"clmical trial" was used almost exclusively and included 
both horac and rabbit serum The antibody titers of the 
sera varied from 1,000 to 10,000 units per cc After a 
small mitial dose, scrum vvas injected mtravcnousl> at 
hourly mtervals in doses varying from 10,000 to 100,000 
units of antibody A skm test was performed before 
each injection of scrum, \s soon as a positive skm 
reaction was obtained, regardless of the clinical status of 
the patient, all scrum therapy was disccntmucd and under 
no arcimiitanccs was it resumed unless the skm test 
became negative. 

Skm tests tilth polysaccharide and serum A limited 
number of bkin tests were performed m which both type 
I polysacchandc and v^icus diluticru oi type I anti- 
pneumococcal rabbit serum were injected into the same 
Site:. The details ot theiC arc deacribcd Lc/o / 

They were performed only on normal induidjols who 
failed to react to the intrad'*rTnal injection of type f 
poly^cchandc alore 

- MacLeod, HoagUrd ard Bec^cn ba c empi asuci] 
the imp-:}riancc oi r,, prepara: ons .vhich ccrum no 
fract-oa ot the prcuavvcoccuu if faf>c five 
rcaciio'ii arc to be avo 
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Passtvt trnnsftr tesU Paiitve txanifer tests were 
done with the blood scnira of patients suffering from 
type I pneumonia, the blood being drawn both at the 
time of admittion to the hospital and after the polysac 
charldc skin test had become positive under treatment 
with antiicrunu The donor’s serum was bjected mtra 
dcrraally into normal rcapients who did not react to 
type I polysaccharide alone. The in/cchon of donors 
serum often caused a local erythematous reaction which 
faded m a few hours. The local reaction was aUo^ved 
to subside before 0 1 cc. of type I polysacchandc was 
bjected mto the same site. As a control, a similar test 
was done with a heterologous polysacchandc (type II 
or type IIT) All reactions were read as described above 
for the routine slon test with polyiaccharidc- 

ifousc protection tests Protective antibodies b the 
serum of patients under treatment were measured by 
mouse protection tests A purcdircd strab of mice 
(CF 1) ^va3 used m all cxpcnraenti. The mice were b 
jeeted mtrapcritoneaiJy with 0.5 cc. of various dilutions 
of a 14 hour blood broth culture of type I pneumoooca 
nmnediately after having received by the same route 0.5 
cc. of a 1 to 5 dilution of the serum to be tested- The 
dilutioni of culture vaned loganthmicaUy from 1 5 to 
1 50 000 000 Five mice were bjected with each dib 
bon of culture. The type I pneumococcus used was sup- 
plied by Dr Felton and after several passages through 
mice was highly virulent, 10“* cc. of a 14 hour culture 
Idllmg mice regularly b 20 hours. The virulence of the 
culture was tested m every experimeuL Each test was 
termbated at the end of 96 hours and all mice livmg at 
the end of this time were counted as survivals. The final 
results were expressed m units ■ of antibody per cc. of 
patient’s blood. 

Agglutinin tests Tests for agglutinins were done by 
the Sabm microscopic method (17) 

RESULTS 

/ The naiure of the sktn reaction to 
polysaccharide 

Dunng the early studies of the Francis slan 
test It was found that positive reactions to a given 
^pe of polysacchandc occurred only when ag- 
glutinins and preapitins were present m the blood 
(8, 9 10) It IS well known that pneumococcal 
polysacchandc reacts vitro with antibody of 
the same type to form a precipitate (preapitm 
reaction) These two facts suggest that the 
Franas skin reaction may be the result of a local 
union of polysacchandc and antibody in the skm 
at the site of mjcction of the polysacchandc To 
test this hypothesis an attempt was made to pro- 
duce m normal individuals an immediate wheal 

» One unit of antibody protects a mouse against 1 000 
000 lethal doses of pncumococa 


and erythema skin reaction by mjccting antibody 
and polysacchandc mto the same site This was 
done m the following cxpennicnt 
Five normal subjects were selected who failed 
to react to the mtracutancous mjection of types I 
II and III polysacchandes ^ Type I antipneumo- 
coccal rabbit serum containing 10 (XX) umts of 
antibody per cc. was diluted with normal salt solu 
tion to concentrations of 1 10 1 100 1 1,(XX) 
cuid 1 10 (XX) One tenth cc. of cacli dilution 
of antiserum was injected into the volar surface 
of the forearm and 30 minutes later 0 1 cc of the 
solution of type I polysacchandc was mjcctcd 
mto the same sites On the opposite arm a con- 
trol expenment was earned out simultaneously 
with the same dilutions of type I antiserum and 
a heterologous polysacchandc (type II or type 
III) AH five subjects reacted in exactly the 
same manner as summarized m the follow mg 
table 

TABLE I 


Reaclutns to tniradertnal tnjedtons of type I anit pneumococcal 
ratilnt Jtrum and capsular p^ysacchandts 


DHatloa of Mnun 1 

1 1 10 

1 1 t lOO 

it 1000 

|l ( tojooo 

Type I polysacchande 

+* 

+ 

+ 


Type II or type III polysac 
chande 

4 

1 ' 

- 

i 

1 " 


* The btradermal Iniectlon of a 1 10 dilutbn of rabbit 

0 erum often caiuca a mild local erythcmatoui reaction but 
tbi doei not interfere with the reading of the poly«ic 
chande abn reaction if a euitablo control i* available for 
companton 

The positive reactions observed m these tests 
simulated exactly the charactenstic immediate 
wheal and erythema reaction of the Francis skm 
test It should be emphasized that the reactions 
were produced m normal individuals who had not 
recently had pneumoma and who did not react to 
mtradermal mjections of the type I poijrsacchande 
alone. A positive reaction resulted only when the 
antibody and polysacchande mjected were of the 
same type and only when the antibody was mtro 
duced m suffiaent concentration (Approxi 
mately 1 umt or more in the 0 1 cc. mjected.) 
The dilution of polysacchandc mjected was not 
vaned. 

* A* shown by Alston and Lowdon (18) i cocuddcrable 
number of normal individualj may react to pneumococcal 
polysaccharide*. 
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To te^t further the h}T>othesis that the Franas 
skm reaction results from a local union of anti- 
body and pol} saccharide m the skin, an attempt 
\vzs made to transfer passively a positne reaction 
The usual passu c transfer technique used as 
outlined above Blood scrum of four patients 
with t>T)c I pneumonia obtained before and 
after treatment uith specific antiserum The 
serum drawn before treatment m each case con- 
tained no t}pe I agglutinins, whereas that taken 
after treatment (when the Francis sknn test had 
become positive) strongly agglutinated type I 
pncumococa One-tenth cc of the donor serum, 
taken before and after treatment, vvas injected 
intracutaneously into recipients who were non- 
rcactors to type I pol> sacchande After the local 
ciy^thematous reactions caused by the scrum in- 
jections had subsided, 0 1 cc of the solution of 
type I polysaccharide was injected into the same 
sites With the same donor's sera a similar senes 
of injections w^ performed with type III poly- 
saccharide as a control The results of the pas- 
sive transfer tests may be summanzed as follows 


TABLE n 

ImmcdtaU skin rcaclions tn passive transfer tests ivith human 
scrum and capsular pol^sauhartdes 


1 

1 

1 

Donor • blood aemtn 

Eefore treatment 
with t>'pe I anti 
«rum (t>p€ 1 
agglutinins 
absent) 

After treatment 
u-ith type I anti 
scrum (type I 
acglutinins 
present) 

T>pc I pol>i>acchandL (ho- 
mologous tv pc) 

— 

+ 

T>pc III pol^'^icchande 

(heterologous tvpe) 


1 

In every caoe where 

the donor’s 

serum con- 

tamed type I agglutinin: 

s, a positive reaction was 


produced by the injection oi type I polysaccharide 
WTien the donor serum contained no type I ag- 
glutinuu, no reaction w‘as observed None of 
the acrum-poly^cchande te^jts done wath the 
heterologous (type III) polysacchande was posi- 
tive The poiuue reactions produced by this pas- 
sive traruier technique were mdisimguishablc 
ircm tho^c iCen m the ii:iual skin reaction to 
Joly^accha^de 

In be h of the above expen'rents, it wais pos- 
o produce the characen^tic immediate vheal 
a. d cu d enn don rcaciicn to type I capsular 
pohsacihcinde by rrercly sensitizing " the skin 


locally by the intradcnnal injection ot homologous 
antibody As long a^ the antibody was present m 
sufficiently high titer, it seemed to make no dit- 
ference whether its source w’as antipneuniococcal 
rabbit serum or the blood serum of patients con- 
valescing from pneumonia after adequate treat- 
ment with therapeutic antiserum The results of 
both experiments strongly support the view that 
the Francis skin reaction is due to a local union of 
antigen and antibody at the site of injection of the 
polysacchande 

II The relationship of the titer of circulating 
antibody to the dermal reaction to capsular 
polysacchande 

It has been shown by the experiments just de- 
scribed that, in order to produce an immediate 
wheal and erythema skm reaction by injecting 
antibody and homologous polysacchande mtra- 
dermally at the same site, it is necessary to inject 
a relatively large amount of antibody This fact 
suggests that the titer of antibody in the blood 
serum of patients with pneumonia may be a de- 
termining factor m the production of a positive 
skin reaction That speafic antibodies may be 
present in the blood serum at a time when the 
polysacchande skm test is negative has been well 
established (8, 9, 10, 13) but the relation of the 
titer of antibody to positive skin reactions lias 
never been carefully studied 

In the following experiment the titer of anti- 
body m the blood serum of three patients with 
type I pneumonia w*as followed throughout the 
course of serum therapy by means of mouse pro- 
tection tests Blood WTis drawm before and after 
each of the hourly injections of therapeutic serum 
(excluding the first 50,000 units) and at con- 
venient mterv'als after serum therapy had been 
discontinued The results of the antibody studies 
m two of the cases arc depicted graphically m 
Figures 1 and 2 In all three cases protective 
antibodies appeared m the blood alter the fir^t 
50,000 umts oi therapeutic scrum had been given, 
although the Francis skm test remained negative 
Not unul the antibody titer had reached a level of 
one-tenth of a unit or more per cc did the skm 
reaction become positive These data indicate 
that not onl^ the presence but the titer of 
typc-speafic antibodies m the blood scrum is an 
important factor determining the reaction to m- 
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tradcnnal injection ot homologous capsular polj- in patients with tjpc I pneumonia taatul 
saccharide bwaknt antiserum (tjpes I and II) The 

It will be noticed that in the case summarized in good reason to belieee that the blood of a p; 
Figure 2 the skin reaction became negame on the suffering from tjpe I pneumonia will acqui 
second daj without any demonstrable decrease in excess of tjpe II antibody before type I, i 
the titer of antibody in the blood at the time that patient is treated with bivalent antiserum coi 
the skin failed to react This can be explained in mg approximately equal amounts of both 
one ot two ways Either the mouse protection bodies (2, 19) This fact cannot be recor 
method as uscd in these tests was too crude a with tlie results of Finland and Sutliff’s c.\ 
measure of antibody to detect so slight a decrease ments unless it is assumed that the skin rta 
Os may have occurred, or else, the reactivity of to capsular polysaccharide depends upon ai 
the skin was temporarily depressed so tliat the crease m reactivity of the skin occurring a 
amount of antibody m the blood was insufficient time of recovery rather than upon the appeal 
to cause the skin to react zVs regards the first of an excess of homologous antibody in the b 
possibility no further data are available, but the Since skin tests were done at relatively ii 
tollowing observations substantiate the view ex- quent intervals by Finland and Suthff, their s 
pressed by Francis that the reactivity of the skin of patients treated with bivalent serum vva; 
to capsular polysaccharide may^ vary dunng th" peated Two patients with type VII pneum 
course of a pneumococcal pneuiWma both critically ill with bacteremia, were tn 

V \ with bivalent horse serum (types V and \ 

III The reactivity of the skin limiting factor \ In both cases the skin test with type V polj 
j;j //it ski)} reaction to capsular p^flysacchandi^^ ^ chande became positive after approximately 
In their earliest investigations omhe skm 000 units of type V antibody had been adm 
action to t}pt-i,pcafic pol>sacchand^Tillet and altered, whereas a positive reaction with type 
Francis obsentd that m fatal cases of ^eumona 5 polysaccharide \\as not obtained until 1,I6C 
tile skin reaction remained negative in\pite of ) t VII antibody had been given in 

the prcauice of relatively large amounts/of ant -(r case (see Figure 3) and 1,800,000 units in 
bod) m the blood Francis noted that a^pj^sitive otl^er In a case of type IV pneumonia tre 
reaction does not depend solely upon a high con- \vith types IV and VIII serum the skin reac 
ccntration of circulating antibodies, since m cer- to t^^pe VIII polysaccharide became positive z 
tain cases the titer of agglutinins was found to the njection of 15,000 umts of type VIII j 
be the same be tore recovery, when the skin test body\ m contrast to the type IV skin test w 
\\a:> negative, a^ it was later, when the skm reac- remaned negative until 495,000 units of type 
tiou had become positive He concluded that a antibooy had been administered In each 
jx):>itive skm rtacuon to a given polysaccharide much rrlorc antibody was needed to produce a 
depended upon two factors (i) the presence of action tci ^the polysaccharide which corrcspor 
homologous type-specific antibodies m the blood m type toN^e pneumococcus causing the pi 
vemm and (2) the state ot reactivity of the skm monia Ihe fact tliat the skm reaction to 
Postulating tl'at an increase m the reactivity or polysaccharide of unrelated type became posj 
the skm w-as associated with recovery trom pneu- m each case lopg before the patient had rexei 
moiua, he suggested that the negative skm reac- suffiaent antibody^ to bring about recovery i; 
t Liis encountered m latal cases were due to a loss cates clearly that the Francis skin reaction c 
ot cutaneous scnsiiivaty not depend solely upon an increase m cutanc 

As c ^derce il^t an increase in tiie reactivity of reactivity occurring at the time of recovery 

lie -km was associated with recovery, Franas That the reactivity of the skm to polyi 

c led V e cuts o» Finland and Sutim (13) chande may actually change dunng the course 

r^cy reposed hat ^km tests done v\itn both ty^pe a pneumccoccal pneumonia has ncrcr been cle; 
I a* d i.>c il poKsaccl-ancIcs bccan c po^sUwe at established Ho .c.er, the lollo.ving immu 

d c scr c c (upp^oxurately iFc mre ot cnsis) log cal studies earned out m an unusual case 
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pneumonia would seem to prove conclusively that 
the skin may lose its power to react to injections 
of polysacchande during the course of a severe 
pneumonia, even though a large excess of homolo- 
gous antibody is present m the blood 

PROTOCOL 

A 50~ycar-old colored woman was admitted to the hos 
pital on the third day of an attack of lobar pneurDonia 
which involved the left lower lobt The tptrtnm con- 
tamed many type ITE pneumococci typed by direct quel 
lung reaetJou and after mouse inoculation. No other 
type of pneumococcus was recovered from the sputum 
the blood culture was negative. The patient was treated 
with type 111 anUpneumococcal rabbit serum, and after 
she bad received 160,000 muts the skm test with type III 
polysaccharide became positive and the temperature 
promptly fell to normal. (See Figure 4) The notice- 
able improvement m the patients condiUon which oc 
emred at this tune made it apparent that she had had 
a crisis However 12 hours later she cxpencnccd a shak 
mg chill the temperature rose to 104 and the skm test 
became negative. It was thought that she had suffered 
a spread of the type III pneumonia and serum therapy 
was resumed. The skin reaction became positive after 
each of the first two mjcctions of 80 000 umts of scrum 
only to become negative within a few hours. From 
then on it remained negative, m spate of continued in- 
tensive treatment with type HI serum and m spite of the 


fact that agglutiniu tests revealed a high titer of type III 
antibody arculatmg In the blood. Becoming rapidly 
worse the patient finally lapsed into coma 12 hours after 
the chill Physical examination revealed signs of con- 
lohdation of the left upper as well as the left lower lobe 
(confirmed by x ray) A blood culture taken at the 
time of the chill, was reported positive 12 hours later 
and, not type IH, but type XVI pncumococa were iso- 
lated from the blood broth. The sputum was nnmedl 
atcly retyped and was found to cootam only type XVI 
pocuraocoed. It then became apparent that the pabcut 
had developed type XVI pneumonia involving the left 
upi)er lobe only 12 hours after recovering from a type HI 
mfectioa of her left lower lobe. Desperately III, with a 
heavy bacteremia (22 colomes of type XVI pneumococcus 
per cc.) the patient was treated with large doses of so- 
dium lulfapyndme intravenously (20) She responded 
dramabcalfy to this tr eat ment, regaining consaousness in 
less than 8 hours Early the following morning 16 
hours after the first mjcction of sodium sulfapyridme; 
the temperature fell to normal, and thereafter the pa 
ticnt made an uneventful recovery Ifcanwhile, during 
the cauTic of the sulfapyndine therapy the skm test with 
type III polysaccharide was performed repeatedly 
While the patient was critically ill from the type XVI 
infection, the skin test remained persistently negative. 
Only after she had regamed consaousness and the tem 
perature had fallen to 99 did the skm test with type 
III polysaccharide again become positi\e to remain so 
throughout her coovalcsccoce. 
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Fig 4 Change of Reactivity of Skin to Polysacchahide in Pneumonia during 
Reu\pse Caused by Pneumococcus of a Different Type 


The changes m the skin reaction to type III 
pol> sacchande obserNed m this case dunng the 
course of the type XVI pneumonia cannot be at- 
tributed to a decrease in the titer of type III anti- 
body in the blood Careful examination of both 
blood and sputum re\caled only type XVI pneu- 
mococa dunng the relapse so that there ^\Nls no 
bacteriological eMdcnce of a flare-up of the type 
III infection Also, intensue therapy with type 
III antiserum wtxs continued, and it is only reas- 
onable to suppose that the serum treatment, in the 
absence oi an actue type III infection, caused a 
considerable excess of t}*pc III antibody to ac- 
cumulate in the blood Tliat a high titer of type 
III agglutinins w*as present in the blood when the 
:3km te;>t remained negau\e was shown by ag- 
glutination te^is It is apparent that the failure 
ot the skin 10 react to t>T>e III pol) sacchande 
w*as duL to a loss 01 cutaneous reactmty in :30me 
a>oCciaUd with the ‘toxemia'' of the t)pc 
X\ I pncun on a rather tlian to a decrease in the 
uwr 01 ivpM III annbodici in the blood The 
of cuiancCJ^ rcacii\at> atijs e\ndcnU> pro- 
gre» \e a2> \i\ hj il c lact thjit the fir:>t n.o 

I ;cct c of scru n arcr the dull caused the Am 
o rc.ert to positive, hercas re- 


peated injections thereafter failed to produce a 
positive reaction until finally the type XVI in- 
fection had been controlled 

It may be conduded from the observations 
made upon this patient and upon the patients 
treated with bivalent antiserum that, although the 
Francis reaction does not depend solely upon an 
increase in dermal reactivity occurring at the tunc 
of recovery, the skin of patients suffering from 
pneumonia may lose its power to react to injec- 
tions of pol> sacchande, even in the presence of 
large amounts of antibody in the blood This 
loss of cutaneous reactivity is commonly associ- 
ated with profound toxemia and, as emphasized 
by Franas, it usually indicates a poor progno:»is 

DXSCUSSIOV 

Evidence has been presented that tlic imme- 
diate wheal and erythema skin reaction to cap:3ular 
pol> ^acchandes of the pneumococcus due to 
the local union of antibcdy and poI> saccliande 
m the skin A positive skin reaction to the in- 
Iradermal injection of a given t}pe of pol) sac- 
char de h*a5 been sho %n L) Francis and others to 
be inv^irabl^ a^sccuite'd viih the presence ot 
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homologous t>'pe specific anb bodies in the blood 
Cutaneous reactions simulaUng exactly those seen 
in the Francis skm test have been produced by 
injecting homologous antiserum and polysac- 
chande into the same site of the skin of normal 
mdividuals who did not react to mjcctions of the 
polysacchande alone. The intracutancous mjee 
tion of antiserum ‘ sensitized ’ the skin locally to 
the homologous polysaccliande and the resulting 
skin reaction was mdistmguishable from that 
caused by similar mjections of polysacchande 
alone m patients convalcscmg from pneumococcal 
pneumonia. Positive reactions were also pas- 
sively transferred to negative reactors by the usual 
passive transfer techmque The factor, passively 
transferred, which caused the positive reaction, 
was shown to be the typc-spcafic antibody since 
the skin was sensitued only when the donors 
serum contamed antibody and reacted only to 
polysacchande of the homologous type. 

The Francis skin reaction may perhaps be best 
regarded as the result of a preapitin reaction 
occurnng locally in the skin It is conceivable 
that antibody arculatmg m the blood stream com 
bines with the locally injected homologous poly 
saccharide and sets up a characteristic dermal 
reaction In order that such a dermal reaction 
be produced two conditions must obtain 
First, there must be sufficient antibody m the 
blood to react with the 01 mgm of polysacchande 
inj ected mtradermally and the polysacchandc- 
antibody reaction must be suffiacntly strong to 
cause the skin to react locally That enough an- 
tibody must be present ivas shown by the fact 
that, m order to produce a positive reaction by 
mjccting 0 1 cc, each of antiserum and polysac 
chande mtradermally at the same site it ivas 
necessary to introduce more than one-tenth of a 
umt of antibody Likewise patients treated with 
antiserum did not develop a positive reaction as 
soon as antibody could be demonstrated m the 
blood but only after a relatively high titer of 
antibody had been reached. 

Secondly, the dermal reaction must depend m 
part upon the state of reactivity of the skm 
That cutaneous reactivity may be depressed dur 
mg the course of pneumonia has been shown m 
the case of type III pneumoma reported above. 
A similar decrease in the reactivity of the skm to 
tubcrcuhn and Dick and Schick toxins is known 


to occur during the fcbnle stage of pneumoma 
and other acute mfcctious diseases (21) The 
most logical explanation for the negative skm re- 
actions to polysacchande observed repeatedly m 
patients dying from pneumonia, m spite of the 
presence of large amounts of antibody m the 
blood would seem to be a loss of cutaneous re- 
activity 

As a test for the presence of pneumococcal 
antibody m the blood serum the Francis skin test 
15 extremely crude. Finland and Suthff (22) 
have found it less sensitive than either mouse 
protection or agglutmin tests Not only is it rela- 
ti\ely insensitive but also the end pomt at which 
the reaction occurs is vanable depending upon the 
state of reactivity of the skin. Strangely enough 
it seems to be these hvo properties which render 
the skin test with pneumococcal polysacchande a 
more reliable guide of prognosis and serum 
therapy than any of the usual serological tests 
for antibody (7) 

SUMMARY 

1 The immediate whc 2 il and erythema skm 
reaction to pneumococcal capsular polysacchandes 
which has been observed m patients convalescing 
from pneumococcal pneumoma is due to a local 
union of polysacchande and antibody m the skm 
as evidenced by the following facts 

(a) Type specific pneumococcal antibody is m- 
variably present m the blood of patients convales- 
emg from pneumoma who react positively to the 
mtradcmial mjcction of capsular polysacchande. 
A reaction occurs only when the antibody and 
polysacchande are of the same type 

(h) By mj acting locally at the same site anti- 
serum and capsular polysacchande of homologous 
type an immediate wheal and erythema dermal 
reaction simulatmg exactly the Francis skin reac- 
tion has been produced in normal mdividuals who 
do not react to the polysacchande alone 

(c) Positive skm reactions to pneumococcal 
capsular polysacchande have been passively trans 
ferred to negative reactors by previously sen- 
sitizing the skm locally witli mtradcrmal injections 
of blood serum obtained from convalescent pa 
bents adequately treated with antipneumococcal 
scrum Evidence is presented that the factor 
transferred m the donor s blood scrum is the typc- 
spcafic pneumococcal antibody 
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2 The skin reaction to capsular poljsacchancle 
depends not upon the mere presence of homol- 
ogous t}pc-speafic antibodj in the blood but upon 
the titer of antibodj present In support of this 
\ic\v It has been shown 

(a) tliat relati\cl> large amounts of antibody 
must be injected with homologous polj saccliande 
to produce the charactenstic dennal reaction m 
normal individual who do not react to the poly- 
saccharide alone, and 

(b) that patients with pneumonia, who are 
being treated with antipncumococcal serum, do not 
react to pol>sacchande as soon as antibody ap- 
pcar^ m tlic blood, but only after a relatuely 
large amount of antibody has accumulated 

3 The Francis skm reaction is also dependent 
in part upon the state of reactivity of the skin 
It lias been demonstrated that positive reactions 
arc not due solely to an increase in cutaneous re- 
activity occurnng at the time of recovery, but that 
the skin may occasional!) lose its ability to react 
to capsular polysaccharide dunng the course of 
severe pneumonia The loss of cutaneous sensi- 
tivit> seems to be associated with general toxemia 
and probably explains the persistently negative 
reactions observed m patients who die of pneu- 
monia in spite of the presence of appreciable 
amounts of antibody in the blood 
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For many years anUpnetmiococcal senun was 
administered m relatively small doses at intervals 
of 8 hours and mjections were contmued until 
the fever subsided (1) Such a slow method of 
givmg antiserum necessitated a prolonged period 
of treatment and patients often succumbed to the 
pneumonia before they liad been given adequate 
quanbties of antibody The importance of ad- 
mmistenng large doses of serum early m the 
course of treatment is now well recognized and 
has recently been reemphasized by Bullowa (2) 

It has been suggested that the ideal method of 
admimstenng antiserum is to give the entire ef- 
fective therapeutic dose in a single mjection. This 
has been done by certain mvestigators with ap- 
parent success (3), but the method is highly im 
practical because, for reasons emphasized in a 
previous report (4) and illustrated by certam of 
the cases reported m the present study it is quite 
impossible to calculate even roughly the effective 
therapeutic dose of antiserum for any given pa- 
tient with pneumonia To give more than the 
minimum effective dose only wastes scrum and 
increases the cost of treatment 

Neither the slow method of giving repeated m 
jections of antiserum at intervals of several hours 
nor the ultra rapid method of attempting to ad- 
mmister the entire effective dose m a single m 
jection IS theoretically sound In order to deter- 
nime the optimum amount of antiserum to be 
given patients with pneumococcal pneumoma it is 
necessary to employ some method of controlling 
the dosage of serum based upon the measurement 
of type-spccilic antibody arculatmg m the pa 
tient 3 blood 

Vanous methods have been advocated m the 
past none of which has proved to be entirely 
satisfactory The most widely used has been the 
microscopic agglutination test introduced by Sabm 
m 1930 (5) Besides imnor techmcal drawbacks 
which are inherent m any agglutination method 


(4) the test maj under certain arcumstances, 
be unreliable as a guide to serum therapy To 
illustrate this fact the followmg case report b 
bnefly presented (see Figure 1) 

A 51 year-old Ruisian laborer with type I poctanotua 
involvmg the lower lobe of the nght lung wai admitted 
to the botpltal on the third day of illncM, Blood culture 
ihowcd SO colocics of type I pneumococcus per ca The 
patient was treated with type I antipneumococcal icrum 
and an attempt was made to control the dosage of anti 
tcrum by the agglutination method. Serum treatment 
was dUcontmued as soon as a definitely posiUve aggiu 
tmabon reacUon was obtained but the temperature re- 
mained elevated, and the patient failed to improve in 
spite of the fact that repeated tests revealed the presence 
of type 1 agglutmina in his blood serum. Finally after 
4 days, more antiserum was given and the prompt re- 
sponse which followed indicated clearly that insuf&cient 
antibody bad been given m the first course of treatment 

The agglutination method cannot be rehed upon 
as a guide to scrum dosage because of the fact 
tliat agglutmina may be detected in the patients 
blood serum as in the above case before ade- 
quate amounts of antibody have been given (6) 
Bullowa (7) has attempted to avoid this difficulty 
by using a roughly quantitative modification of 
the Sabm method The quantitative modification 
appieara to be more satisfactory but even this 
method has been found occasionally to be un 
rebable (9) 

A ^ capsule sivelhng test based upon the Ncu- 
feld quellung ' reaction (8) has also been used 
by Bullowa and Sharff (9) to follow the antibody 
content of the blood of patients reccivmg anti 
pneumococcal serum Although the test was 
found to be tcchmcally simple the authors re- 
ported that It ivas no more reliable than the quan- 
titative microscopic agglutination test, both bemg 
positive on one occasion in a case of type 11 pneu- 
monia when bacteremia was present and the dis 
ease terminated fatally 

A third method of followmg scrum antibodies 
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Fig I The Presence of T^TE-SrEanc Agglutinins in the Blood Serum of a P\tient Inadequately Treated 

WITH Antxpneumococcal Serum 


lb that introduced by Franas in 1933 The 
mechanism of the skin reaction to pnuemococcal 
polj saccharides which forms the basis of the 
Francis skin test has been discussed m a previous 
publication (4) The present report deals with 
a clinical study of the skm reaction and its ap- 
plication as a method of controlling serum therapy 

METHODS 

Antisera, polysacchQndt.s and skin tests The 
anti pneumococcal sera, the preparations of type- 
bpccific capsular polysaccharides, and the method 
01 perfonmng and reading the skm tests with 
pol> saccharides have been descnbtd in a previous 
report (4) 

Sthetwn of cases All patients entering the 
hospital with lobar pneumonia and treated with 
immune serum were included in the present stud> 
The patients treated were suftermg from pneu- 
monia caused b> pneumococa of t>^pes I, II, HI, 
IV, V, VH and VTII A skin test with the poly- 
sacchande which corresponded in tj'pe to the 
pneumococcus causing the pneumonia wtis per- 
loni cd in cacn case betore serum treatment was 
begiun Ii ibc skm reacton v.ti:. poMtue at this 
stage, ro ailcnipt made to use the test as a 
g\. de to serum therap^ (10) 

Cor*rA of rerani dosage In ail cases wncre 
the nrst skin test w'Os regaave, a small uuinJ dosc 


of antiserum (1,000 to 10,000 units) was given 
intravenously, followed by injections of from 
10,000 to 100,000 units ^ spaced at hourly inter- 
vals The patient’s temperature was taken every 
hour during the period of therapy A skm test 
wTis performed 30 minutes before each injection 
of antiserum, and as soon as a definitely positive 
reaction w^ obtained, the serum therapy was dis- 
continued regardless of the clinical status of the 
patient The test was then repeated in one hour 
and, if still positive, no further therapy was given 
Skm tests were performed thereafter at least 
once a day (and more often m the presence of 
fever) until recovery was well established Under 
no circumstances was serum treatment resuine<i 
unless the skm reaction became negative 
rules were adhered to strictly because only by so 
doing was it thought tliat the worth of the skin 
test could be accurately evaluated 

RESULTS 

Limitations of the skin test method Fifty- 
seven pauents with pneumococcal putumoma v.erc 
tested with the poljsacdiaride corresponding m 
tj'pe to the pneumococcus identified in the sputum, 
at a time when the disease %«a5 apparently still 
prcgresMHg, 5 (or 8^ per cent) reacted posi- 

I Oa tAO ccciiicni larger Jittc given m a * 

injccticn (icc Figure 1 and Fii,urc 2, Care *»J 
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tivcly before receiving any antiserum All 5 pa- 
tients were treated with immune scrum and all 
recovered Since the Francis skin test vms posi- 
tive from the start, it obviously could not be used 
to control the dos^e of antibody Two of these 
patients also reacted positively to polysacchandes 
of other types The blood sera of 2 of the 5 pa 
tients were tested before treatment for the pres 
cnee of typc-spcafic antibody one by microscopic 
agglutination tests the other by the mouse protec- 
tion method No antibodies were detected m 
cither serum The mechanism of these " false 
positive " reactions is apparently quite different 
from that of the reaction to homologous poly 
sacchande which occurs with recovery from pneu- 
mococcal pneumonia, smee the latter is aiNvays 
associated with the presence of type-speafic anti- 
bodies m the blood serum (6) 

In agreement wth these results, MacLeod 
Hoagland and Beeson ( 10) have recently reported 
that 12 5 per cent of a senes of 104 patients 
showed positive skin tests before serum had been 
given. Type specific agglutimns were not present 
m the blood serum of any of the 4 patients tested 
among the positive reactors None of the pa- 
tients gave a history of a previous pneumococcal 
mfcction and m only 1 case ivas there a history 
of any form of cutaneous hypersensitivity The 
authors were unable to account for the positive 
sicm reactions m these patients but concluded that 
they were not assoaated with the presence of 
arculatmg antibodies in tlie blood serum They 
also pointed out that m individuals acutely lU with 
pneumonia the madcncc of positive skin reac 
tions 13 much lower than among normal indi- 
viduals who are not suffering from pneumococcal 
infections (11 12, 13) 

It should be dearly understood that if the 
Frands skin test is to lie used as a guide to scrum 
therapy, it must be performed on every patient 
before serum treatment is begun The test ob* 
viously cannot be used to control scrum dosage m 
patients who react positively from the start 
Fortimatdy, the occurrence of false positive 
reactions is not suffiaently frequent to handicap 
the method scnously 

D fficulty was occasionally encountered m read 
ing the slan test, cspeaally m Negro patients. 
The zone of erythema wluch surrounds the wheal 
m a positive reaction is sometimes barely per 


ccptible m the melanotic skm unless viewed under 
a very bnght bght Early m the course of the 
present study it was found impossible to read the 
Francis test m one extremely dark Negro patient, 
and the attempt to control the dosage of scrum by 
means of the test had to be abandoned It was 
later learned that the zone of erythema could be 
easil) seen in the skm of even the darkest Negroes 
if the site of injection was exammed under the 
proper hght Thereafter a ICXl-n’att lamp held 
close to the skin was used m reading all tests and 
no further difficulty ^vas encountered. 

The skin test as a guide to serum therapy The 
skin test ivith type spcafic poysacchandcs was 
used to control the dosage of antiserum m the 
treatment of 5 1 patients with pneumococcal pneu- 
monia To simplify presentation the cases may 
be grouped as follows 

(I) Uncomplicated treated with 

antiserum Twenty-four patients ill with un 
compUcated pneumonia responded promptly to 
serum therapy In every case the Francis skm 
reaction became positive shortly before or at the 
time of crisis In no case did the temperature 
reach normal before a positive skm reaction was 
obtained The temperature charts of 4 repre- 
sentative patients from the group are shown m 
Figure 2, It will be noticed that m Case 1 the 
temperature was approximately 104® when the 
skm test became positive and serum treatment was 
stopped The temperature remamed at this level 
for more than 4 hours before the crisis finally cn 
sued By usmg the skm test it was possible to 
administer antibody rapidly and still conserve anti- 
serum by stopping treatment several hours before 
cnsis. If the temperature chart alone had been 
used as a gfuide to serum dosage 200 000 umts of 
antibody would have been wasted Case 2 illus- 
trates a similar situation. The patient suffered a 
thermal reaction to type III rabbit serum, the 
temperature nsmg to 107® After 160 000 units 
of serum had been given however the tempera- 
ture had fallen to 1022 and the skm test became 
positive, Dunng the next 3 hours the tempera- 
ture rose gradually to 103 but since the ikm 
reaction remained positive, no further treatment 
was given. At the end of 3 hours a crisis oc- 
curred and the patient made an uneventful 
recovery 

Cases 3 and 4 are included m Figure 2 to era 
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Six patients in the present senes developed 
sterile effusions in the pleural ca\it} In e\ery 
case fever either persisted after the skin test liad 
become po:3itive, or else a secondary rise in tem- 
perature occurred after crisis in spite of a per- 
sistentlj positive skin reaction The positive 
Francis te^ts m the presence of continued fever 
suggc:>ted some cxtrapulmonary complication, and 
on each occasion this suspicion was confirmed by 
thoracentesis Three cases of emp)ema were 
also encountered m which the positive skin reac- 
tion in the presence of fever suggested the diag- 
nosis None of the 9 patients was given addi- 
tional antiserum after the Francis test had become 
positive, and all 9 recovered The empjemas 
were treated by surgical drainage The results 
of the skin tests with type-specific polysaccharides 
m representative cases of pneumonia treated with 
antiserum and complicated by sterile pleural effu- 
sion and empyema are shown in Figure 4 

One instance each of meningitis and endo- 
carditis occurred m the group studied, both are 
of conbiderable interest The first patient (Case 
1, Figure 7) bhovved a positive skin reaction after 
he had received 300,000 units of t>pe II antibody 
\ blood culture taken at the time of his admission 
to the hospital revealed 680 colonies of type II 
pneumococcus per cc , a second culture, taken 
after treatment, was sterile In spite of per- 
sibtentl) positive skin te^its, the temperature re- 
mained elevated until death Autopsy revealed 
a purulent meningitis from which tjpe II pneu- 
mococci were isolated m pure culture Since the 
patient apparently died of an cxtrapulmonary 
focus ot infection, it is not surprising that his 
blood serum contained sufficient antibody to 
maintain a pobitive skin reaction 

The second patient entcrexl the ho:jpital suffer- 
ing from type V pneumoma with bacteremia and 
the physical signs of aortic insufficiency (Case 2, 
Figure 7) She w^as given 1,180,000 units of 
tyj^ V antibody and the Francis reaction finally 
Lecame pOiiiive ard remained so even m the pre:^- 
ei ce of IxiC't-rcima and continued fever After 
nearly 3 wcek^ in the hospital the patient died and 
at n^ncm cxaminauon tl ere was found an 

to I i rc!-U c’j nio’ccalor i^zc 

(Is tV) I c t-c ? In if tc of uh i 

the o rJjl l iru cal o£ 

V *T«ei ^evi v> c*' aic o (2U} 


acute bacterial endocarditis involving the aortic 
valve trom winch was cultured a type V pncuiuo 
coccus Although an old organizing pneuinonn 
was present in the left lower lobe, no pneumo- 
cocci could be Isolated from the lungs It is note- 
worthy that in this case the skin reaction to poly- 
sacchande was positive at a tune when bactern 
were cultivated from the blood stream Accord- 
ing to evidence available at the present time' the 
Francis skin reaction docs not become positive 
m the presence of bacteremia unless the pneu- 
monia IS complicated by a pneumococcal endo- 
carditis Antibodies can seldom be detected m 
the blood when the pneumococcal infection in the 
lung is advancing with sufficient rapidity to invade 
the blood stream On the other hand, it is well 
known that the antibody content of the blood 
serum of both patients and experimental aninnls 
with pneumococcal endocarditis may be relatively 
high (16, 21), and it is undoubtedly tins fact 
which explains the positive skm reactions ob- 
served m pneumonia complicated b} pneumococcal 
lesions of the heart valves 

It may be concluded from the above results that 
the Francis skin reaction not only serves as an 
important aid in the diagnosis of the common 
complications of pneumonia but also makes it pos- 
sible to avoid wasting antiserum m cases in which 
a secondary nse m temperature or a prolonged 
fever is a disturbing feature 

(-/) Relapse of pneumonia follotvtng inadKjuate 
treatment tenth antiserum Secondary hyperpy- 
rexia occurring in scrum-treated pneumonia is not 
uncommonly due to a spread of the pneumonic 
process following inadequate tre*atnient rather 
than to the common complications just discus^td 
The immediate recognition of a flare-up of the 
pneumococcal infe‘ction m the lung is of tlie great- 
est importance since the progressing lesion can 
often be checked only by additional therapy It 
has been found that, when treatment has been 
inadequate, the ^km rcaetion to poly ^acclia ride 
docs not remain jKi^itive In 6 inDtaacts m the 
present scries oi cases the skin reaction reverted 
to negative alter lia»ing become positue clunng 
serum therapy One patient never developed a 
persistently pOsiii e skin reaction in spite of coa- 
tmued serum treatment and finally dud (Case 2, 
Figure 8; v secondary rue m icmperatu''c 
occurred m each or the 5 rctiummg exues at 
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the time when the skm reaction became negative, 
and all 5 patients vs ere given more antiserum 
Following the second course of treatment the skin 
reaction again became positive and the fever sub- 
sided Four of the 5 patients recovered, the 
clinical course of the pneumonia in 2 of these 
cases IS summarized m Figure 5 The fifth pa- 
tient finally died m uremia (Case I, Figure 8), 
and his record will be referred to presently 
These results would seem to confirm the con- 
clusion reached b> Francis that a negative skin 
reaction invariably indicates further serum ther- 
apy By the use of the skin test with type-specific 
pol> saccharides it is possible to distinguish be- 
tween fever due to an extrapulmonary complica- 
tion and that due to a progression of the pneu- 
monic infection m the lung If the fever is 
caused by the former, the skin reaction remains 
positive, when due to the latter, it becomes nega- 
tive To be able to make this distinction is of 
practical significance, for although the usual com- 
plications of pneumonia are unaffected by con- 
tinued serum treatment, advancing pneumonia 
should be controlled immediately by further spe- 
cific therapy 


(i) Patients xiith piunmonta ivho faiUd 
respond to treatnunt tcith antiserum Six 
ticnts among the 51 studied tailed to survive 
spite of intensive treatment with antipncunioc 
cal serum Their hospital records arc sumi 
rized m Figures 6, 7, and S The first 2 patu 
were critically ill with bacteremia when admit 
to the hospital and neither received sufficient ii 
body during the short period of treatment to 
fluence the course of the pneumonia The Fr 
CIS skm test never became positive m either c 
and both patients died within 20 hours 1 
third and fourth patients (Figure 7) died w 
pneumococcal meningitis and endocarditis 
spectively, the essential features of their ilincs 
have already been discussed The last 2 ca 
are of particular interest since in both the si 
reaction became positive after treatment, althou 
both patients died and neither seemed to be st 
fenng from any form of pneumococcal conipli 
tion The first patient, 68 years of age (Figi 
8, Case 1), entered the hospital on the foui 
day of a type I pneumonia with bacteremia / 
ter he had been given a total of 650,000 unib 
type I antibody, his Francis skin test remain 
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positive, hjs temperature tdl to 100® and he 
seemed to be nnking a good rtco\er) He w'as, 
however, a diabetic with marked hjpcrtcnsion and 
he linall} developed sign^ of uremia and died on 
the eighth da} of illneb:> Careful examination of 
the lung5 at autop^} revealed that no pneumo- 
cocci were present in the alveolar exudate, and the 
cultures from both lungs and from the blood 
w ere sterile The terminal hv pcrpyrexia sug- 
gested a spread of the pneumonia m spite of the 
positive skin tests, but the findings at autopsy 
indicated tliat the pneumococcal infection had 
been well controlled and that the patient probably 
succumbed to the complicating uremia The sec- 
ond patient w^as 81 }ears of age (Figure S, Case 
2), and although her skm test became positive 
several times following serum therapy, it re- 
verted to negative after a few hours on each occa- 
sion and remained negative at the time of death 
Terminal!}, the non-protem nitrogen rose to 160 
mgm per cent and, as m the prevnous case, uremia 
seemed to be an important factor in the final out- 
come Autops}, however, showed that the pneu- 
monia had not been completel} controlled since 
viable pneumococci were still present in large 
numbers in the lungs 

Even m the fatal cases of pneumonia the Fran- 
cis skm test proved to be a reliable guide to serum 
iherap} On!} when death was apparently due 
to some complication, which would not have been 
benefited b} further serum treatment, did the 
skin reaction remain positive Patients d}ing of 
pneumonia which w^b obviousl} uncontrolled by 
antibod} ihtrap} showed negative skin reactions 
at the time of death 


mococcus involved, the extent oi the pulinoi 
lesion, and the presence or absence of baeterei 
pregnane}, or a serious comphcaiing dibea^c (I 
Although thcbe criteria dclermme roughl} 
amount of antiserum the avenge patient 
need, thc} cannot be applied to anv imlivu 
cabc, and thcrctoro are of limited practical va 

During the post }ear, sulfap}ncluie has I 
found to be a very etlective drug for control 
pneumococcal infections Although thc u^e 
sultapyndine m the therapy of pneumonia 
undoubtedly decrease thc need tor t}pe-Dpev 
antiserum, it has already been shown (14) 1 
not all patients with pneumococcal pneiimc 
will respond to treatment with the drug ale 
In the drug-refractory caseb imnuine set 
should be administered as an adjunct to chei 
therapy, and it is only reasonable to suppose I 
the doses of antiserum needed may be quite ( 
ferent from those required for comparable 
lients treated with scrum alone Thc accep 
entena for estimating the average effective thv 
peutic dose of antibody are based upon past 
penence with antipneiimococcal serum and pr 
ably do not appl} to patients who have prcvioe 
been treated with sulfap}ndine It is doubly 
portant, therefore, that some method of conti 
ling the dose of immune scrum be cniplojed 
the treatment of patients receiving both imniui 
and chemotherapy 

The Francis skin test may be regarded aj 
relativel} crude method of detecting the pre:>ei 
of t}pe-specific antibodies m the patient's blO' 
Circulating antibodies can invanabl} be deni( 
strated b} standard serological methods wh 
durinn- the cour.'.e of oneumonia. the skin rc 







120 


U B.KRRY WOOD, JK 


or ciunng crisis in e\er 5 ’ case \Nherc rcco\er>’ 
occurred without complication 

(2) MI patients whose Francis skin tests be- 
came posita\e and remained posime reco\ered 
without turther specific therap> except 2 patients 
who died of pneumococcal meningitis and endo- 
carditis respecti\ely 

(3) E\crj patient who failed to develop a posi- 
tive skin reaction died 

(4) Once positive, the skin reaction remained 
so m all but 6 cases Four patients reacted posi- 
tively after further treatment and recovered 
promptly, 2 died, one never again developing a 
persistently positive reaction m spite of continued 
therapy, the other d>ing in uremia after the skin 
reaction had become positive Autopsy per- 
formed upon the last patient revealed that the 
pneumonia had been well controlled as evidenced 
by the fact that no viable pneumococa could be 
recovered from the lungs 

(5) Among 6 patients who died, 3 showed posi- 
tive reactions shortly before the time of death 
One was the patient just referred to who died in 
uremia, the other 2 died with meningitis and 
endocarditis 

(6) In all cases where fever persisted in the 
presence of a positive skin reaction there was 
subsequentl> demonstrated either a stenle pleural 
effusion or an extrapulmonary pneumococcal m- 
fection of the pleura, meninges, or endocardium 
Such complications are known to be little affected 
hy continued serum therapy 

It IS concluded from the results of the present 
stud> that the Francis skin test serves as a reliable 
aid m determining the optimum amount of anti- 
bodv needed in the treatment of pneumococcal 
pneumonia. Its use not onI> makes it possible 
to treat patients inten:5ivel> without w^asting anti- 
serum, but aliO aids m the diagnosis of comphea- 
nons and gives valuable information regarding 
prognosis The te:3t has been found to be a sat- 
lifaaoxy gu de to the do:>age of antibod> m the 
treaimcnt of panenu given both serum and sulia- 
pyrd re as well as ihc-e given serum alone, 

1 FiitV'C^'e paiic""t> ai'h lobar preiuroma 
called hy pncuxi *.<oco oi I, II III, IV, 

V, VII, ari \ HI treated ,viih antipncuixo- 


coccal serum The dosage ot intibod) 'iclnuru:>- 
tered m each case was controlled by frequent skm 
tests with the homologou:> pneumococcal jxiK- 
sacchande (Francis skm test) 

2 Five patients reacted to the pol>iacclnnde 
before antiserum had been given In none ot 
these cases could the Francis skm lest be used 
as a guide to serum therapy 

3 The amount of antibody required to control 
the pneumonia m the cases studied varied from 
11,000 to 1,983,000 units 

4 Use of the Francis skm test made it possible 
to treat each patient intensively without wasting 
antiserum 

5 In every case in which a crisis occurrenl the 
Francis skin reaction became positive several 
hours before or during the fall in temperature 

6 The skm test served as a valuable aid in 
the early diagnosis of the complications of pneu- 
monia In every case m which fever persisted 
m the presence of a positive skin reaction there 
was subsequently demonstrated pleurisy with ef- 
fusion, empyema, meningitis or endocarditis 

7 No patient who failed to develop a positive 
skm reaction survived the pneumonia Three pa- 
tients who died reacted positively shortly before 
death , 2 died of pneumococcal complications, and 
the third died of uremia, no evidence of active 
pneumonia being found at autopsy 

8 The Franas skm test was also found to be 
of value in determining the optimum do:>agL of 
antibody in the treatment of patients who had 
previously received sulfapyndine 
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THE OCCURRENCE OF METHEMOGLOBINEMIA DURING 
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The presence of mcthcmoglobm, more rarely 
sulf hemoglobin, m the blood of patients treated 
vnth sulfanilamide has been reported by many in 
vesbgators (1 a-f) Evelyn and Malloy (2) 
using their photoelectric colorimeter found both 
these pigments but felt they were not responsible 
for the “ cyanosis " Wendel (3), using his visual 
spectroscopic method (4), found methemoglobm 
and (occasionally) sulfhemoglobm On the other 
hand, Marshall (5) Posner (6a) m many m 
stances, Chesley (6b) and some occasional ob- 
servers have failed to find the characteristic band 
of methemoglobm. 

A little spectroscopic experimentation with pure 
methemoglobm will speedily convince anyone that 
the light absorption characteristics of methemo- 
globm renders visual detection of the band at 
630 m/i rather difficult m the presence of a large 
excess of hemoglobm Even Wcndel's mgemous 
method (4) does not eliminate the difficulty of 
finding this band If the personal visual factor 
might be eliminated, mcontrovcrtible evidence 
might be obtained 

This IS possible with the Hardy recording spec- 
trophotometer (7) which accurately draws a curve 
sho^vlng the bght transmission of a sample from 
400 to 7(X)m/i. Typical curves of the blood of 
patients receiving sulfamlamidc are reproduced 
(Figure 1) with normal controls The promment 
depression at 630 m/x is readily seen. In one case 
a depression at 620 m/x is also seen mdicatmg the 
presence of sulfhemoglobm 

In these patients from 10 to 18 per cent met- 
hcraoglobm ^vas estunated to be present by using 
Beer s and Bouguer s laws and absorption co- 
efficients obtained on pure solutions by the Hardy 
recording spectrophotometer (Table I) 

Inasmuch as sulfanilamide in vitro docs not 
produce metliemoglobm the me chan i sm of its for- 
mation in two remains unexplamecL Further ex- 

1 Moritt Roienthal Fellow Mount Snui Hcwpital New 
York Gty 


TABLE I 


Absorption coefficunU 


Xm# 

HcnKglobln 

MetbeouH 

llol^ 

Cdortd 

rcxldofl 

Bias 

«ub«tanc* 

700 

0 0825 

0 114 

8 64 

24 1 

660 

0 0862 

0 472 

10 8 

56 8 

m 

0 135 

2 32 

176 

75 0 

620 

' 0 179 

2 18 

19 1 

802 

600 

1 0 566 

1 98 

21 9 

89 1 

580 

7 14 

2 40 

24 2 

93 9 

560 

5 83 

2.52 

25 9 

929 

540 

a 60 

3 70 

26 7 

87 2 

520 

4 12 

4 75 

27 1 

78 1 

500 

3J0 

5.57 

27 8 

685 

480 

4 15 

500 

29 4 

59 8 

460 

6.32 

5 69 

32 1 

53 6 

440 

1612 

11 5 

36.5 

49 6 


Tranimiuion curve* were obtained with eolatuan* of each 
•ubutence. 

These cocflBcient* were calculated after using the equation 


loc _ » ked, 

% tranirabsion 

k — absorption coeffinent 

c — concentration of the solution — 1 gram per 100 cc. for 
hemogiohin and racthemoglobln 
d — thickness of cell m cm. 

penments showed that when the blue denvativc 
(8) (a reversible oxidation reduction system 
formed by the aerobic ultra violet irradiation of 
dilute aqueous sulfanilamide (9)) is added to 
hemoglobm methemoglobm is formed * (Figure 
2) Using the accurate Hardy recording spec- 
trophotometer and applying Beer s and Bouguer s 
laws we analyzed the resulting solution Assam 
ing that hemoglobm and methemoglobm were the 
only colored components, the transmissions at 12 
different wavelengths from 460 to 700 m^x were 
calculated (Table II, Column B) These do not 
agree with the experimental values (Table II 
(Column A) and mdicatc the presence of another 
colored component When a third component, 
the broivn solution resulting from the spontaneous 

*"It U intcresUng to note, however that the colored 
denvabve* of lulfanilamide dtjcribcd (by Ottenherg and 
Fooc (8)) convert hemoglobm to metheraoglobiu m 
vUro** Wendel (3) 



124 


CHARLES L FOX, JR AND JAMES E CLINE 



WAVEIQ^GTH Color M—sutomonh Ub. 

Tos^No. t'nlUjmkroni) ofToch. 

Fia 1 Curves of Washed, Laked Human Erythrocytes Drawn by Hardy 
Recording Spectrophotometer (pH — 7 1) 

Hb IS the ciirve of 1/100 dilution of blood of normal subject— imaltered hemo- 
globm solution with characteristic bands at 541 and 573 vap. 

MHb IS the curve of 100 per cent methcmoglobm (same concentration as Hb) 
with prominent band at 630 m;* 

A is typical curve of patients' blood during sulfanilamide therapy (diluted 1/50) 
showmg unmistakable prommcnce at 630 m^ caused by methcmoglobm 
and general depression from 660 to 700 tap (possibly due to a colored 
oxide of sulfanilamide) 

B IS curve of patients' blood dunng sulfanilamide therapy (diluted 1/100) show- 
mg prominence at 620 mp caused by sulf hemoglobin and general depres- 
sion from 660 to 700 m^ (possibly due to a colored oxide of sulfamla- 
nude) 


reduction m air of the blue oxidizing solution, is 
introduced into the calculations, the predicted 
transmission values (Table II, Column C) show 
significantly better agreement with the expen- 
mental values (Table II, Column A) 


Similar calculations with the data of the curves 
of patients* blood showed good agreement (Table 
III) between the observed curve and one pre- 
dicted on the basis of two components hemo- 
globin and methemoglobin m the region from 
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Fic. 2, FoRMAnoN o? Methimoclobik by Photo-oxidation Product or 

SULFANILAUIDE 

B Is curve after reactjoa between the blue product of uradution of sulfanila 
nude and h um an hemoglobin, 

A u curve of brown solution resulting from spontaneous reduction in air of 
the blue oxidizing solution 


460 to 600 m>i. In this region light absorption 
by hemoglobin is very great, obscuring small de 
viabons But in the red region beyond where 
hcmoglobm absorption is nununal, there was dem 
onstrated a small residual absorption. This might 
be due to any brown substance * such as the brown 
reduced form of the blue oxidation product (9) 

•An unidenbfied foreign pigment" la just now re* 
ported m normal rats recaving sulfanilamide (10) and 
Harris and Michel (11) hare also observed an extraneous 
absorption at 670 


This effect however ivas too shght to mfluence 
the gross appearance of blood These observa 
tions suggest that m vivo sulfarulaimde is oxi- 
dued to the blue derivative which m turn oxi- 
dixes hcmoglobm to methemoglobm and is itself 
reversibly reduced Although this residual ab- 
sorption indicates m addition to hcmoglobm and 
methemoglobm the existence of a third colored 
component and while our spectrophotoraetnc 
findings are consistent with our mterprctation 
equally satisfactory fit of the curves might per- 
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TABLE n 


Hemoglobin — hlu^ substance reaction 


Xm/t 

Experiracntal 

A 

log^ 

Calculated ' 

B ! 

log^ 

Calculated 

C 

, 1 

700 

0 118 

0 024 

0 118 

660 

0211 

0 094 

0 182 

630 

0 455 

0 454 

0 455 

620 

0 460 

0 428 

0 460 

600 

0 478 

0 396 

0,478 

580 

0 699 I 

0 603 

0 638 

560 ; 

0 693 

0 702 

0 656 

540 

0 886 

0 885 

0 827 

520 

0 886 

1 00 

0 876 

500 j 

0 959 

1 15 

0 959 

480 ! 

0 943 

1 05 

0 931 

460 

1 04 1 

1 

1 23 

1 07 


Experimental A — obtained from spectrophotometer curve 
Calculated B — on basis of 91 0 per cent methemoglobin and 
9 0 per cent hemoglobin 

Calculated C — on basis of 10 8 per cent hemoglobin, 79 7 
per cent methemoglobin and 9 5 per cent colored 
residue 

Italicized figures are reference points used m computation 


TABLE HI 


Values of log IjT for sulfanilamide-ireaUd patients 



Patient 1 

Patient 2 

Patient 3 

Xm/i 

A 

B 

C 

D 

E 

F 

G 

H 

I 

experi 

cal 

cal 

cu- 

lated 

experi 

cal 

cu 

la ted 

cal 

cu 

lated 

cxperl 

cal 

cu 

lated 

calcu- 


mental 

lated 

mental 

mental 

lated 

700 

0 032 

0D25 

0 085 

0024 

0 021 

0 0S4 

0 0355 

0023 

00854 

<560 

0 052 

0 046 

0 052 

0 033 

0 032 

0 033 

0056 

0 047 

0059 

630 

0 159 

0 159 

0 159 

0 090 

0090 

0 090 

Q 177 

0177 

0 177 

620 

0 169 

0 161 

0 164 

0 100 

0 098 

0 098 

0 ISO 

0 176 

0 ISO 

600 

0.268 

0 237 

0 245 

0 197 

0 184 

0 185 

0 260 

0036 

0050 

580 i 

1 68 

1 74 

1 80 

1 64 

1 75 

1 75 

1 59 

1 SO 

1.56 

S60 1 

147 

145 

140 i 

1444 I 

1440 

1446 

1.29 

106 

102 

540 

2 16 

2 14 

2 17 ' 

2 15 I 

1 92 

2 12 

1 93 

106 

1 92 

520 

1 16 

1 19 

120 1 

108 1 

1093 

l09Sl 

109 

109 

1 10 

500 

105 

1 05 

1J05 ' 

0 92 

OJOa 1 

0 93 

0 99 

009 

0 99 

480 

124 

1 21 

1 21 

1 12 I 

1 11 

t 11 

1 14 

1 11 

1 13 

460 1 

1 

1.80 

1 85 

1 87 

1 70 

175 

176 

1 69 

166 

1 69 


Column A — ^Values of log 1/r from experimental curve 
Column B — Values calculated on basis of 80 2 per cent 
hemoglobin and 19 8 per cent methemoglobin 
Column C — Values calculated on basis of 82 3 per cent 
hemoglobin, 17 4 per cent methemoglobin and 0 314 
per cent colored residue 
Column D— Values from experimental curve 
Column E — Values calculated on basis of 90 3 per cent 
hemoglobin and 9 7 per cent methemoglobin 
Column F — Values calculated on basis of 90 6 per cent 
hemoglobin, 9 3 per cent methemoglobin and 0 096 
per cent colored residue 

Column G — ^Values of log l/T from experimental curve 
Column H — Values calculated on basis of 74 3 per cent 
hemoglobin and 25 7 per cent methemoglobin 
Column I-^Values calculated on basis of 78 0 per cent 
hemoglobin, 214 per cent methemoglobin and 0 573 
per cent colored residue 

Italicized figures are reference points used m computation 


haps be obtained on the basis of different assump- 
tions as to the nature of the pigments present 
Our interpretation is consistent with the findings 
but cannot be considered as established by our 
data 

Further evidence that tn vivo sulfanilamide is 
oxidized IS provided by Dr Sanford Rosenthal 
(12) who reported indications of hydroxylamine 
sulphonamide, an oxidation product, m the unne 
of sulfanilamide-treated animals and pafaents 
Preliminary experiments by one of us (C L F ) 
indicate that the Rosenthal test (13) is positive in 
the methemoglobm forming colored irradiation 
products and negative in the unadsorbed colorless 
residual solution which does not form methemo- 
globm The data are correlated with the mode 
of action of sulfanilamide (14) 

SUMMARY 

1 Objective evidence m the form of curves 
drawn by the Hardy recordmg spectrophotometer 
IS presented showing the occurrence of methemo- 
globin and sulfhemoglobin in the blood of sul- 
famlamide-treated patients 

2 An explanation for the occurrence of met- 
hemoglobm in the blood of sulfanilamide-treated 
patients is provided by the demonstraton in vitro 
of the conversion of hemoglobin to methemoglobm 
by certain oxidation products of sulfanilamide 

3 Spectrophotometric evidence for the occur- 
rence tn VIVO of this reacton is adduced 

We are greatly indebted to Professor George S Forbes 
for his valuable suggestions and to Dr Reuben Ottenberg 
for helpful criticism. We thank the staff of the Color 
Measurement Laboratory at the Massachusetts Institute 
of Technology and the House Staff of the Children's 
Hospital, Boston, for their cooperation 

BIBUOGRAPHY 

1 (a) Colebrook, L , and Kenny, M , Treatment of 
human puerperal infections, and of experimental 
infections m mice, with prontosiL Lancet, 1936, 
1, 1279 

(b) Archer, H E., and Discombe, G, Sulphaeiuo- 
globinaemia, its cause and prevention with special 
reference to treatment with sulphanilaraide. 
Lancet, 1937, 2, 432 

(c) Paton, J P J, and Eaton, J C, Sulphaemo- 
globinaemia and niethaemoglobinaemia following 
administration of p-aminobenzenesulphonamide. 
Lancet, 1937, 1, 1159 and 1369 



METHEMOGI^BINEUIA FOLLOWING SULFANILAMIDE 


127 


(d) Bcmley E. and Ro»5» J Mcthacmo- 
globlnaetnia due to nlphanilauudo therapy 
Canad, M A. 1937 37, 62. 

(#) WaUon C Vigneis L, and Sphik, W W., 

Relation of mcthexnoglobm to the cyanotl* ob- 
aerved after mifanilaimde ad mmiitra don. Proc 
Soc. Exp. Biol and Med. 1939 40 547 
(/) Canjpbdl, and Morgar^, T N Cyanoiis 
caused by sulphonamide coropotaKii. Lancet 1939 
2, 123 

Z Evelyn K. A., and Malloy H T Microdctenmna 
tion of oxyhemoglobin, mcthemoglotnn and »ulf 
bcmogbbin m a imgle sample of blood. J BioL 
Cbem., 1938, 126, 655 

3 Wendel W B., The control of mcthemoglobmcmla 

■with methylene blue. J dm. Invert., 1939 18, 
179 

4 Wendel W B., Mcthemofilobm detennination , elm 

ical method. J Lab, and Chn. Med., 1938, 24 96. 

5 Marshall, E. K. Jr., and Walil, E. M., On Uic 

cyanosis from sulfambunide. BulL Johns Hoplcms 
Hosp,, 1937 61 140 

6. (o) Posner L, Guthne, N W and Mattice, M R., 
Formation of abnormal blood pigments as com 
phcation of sulfanilamide therapy J T^h and 
Chn. McA, 1938 23 804 


(b) Chesley L. C, Cyanosis without sulf or met 
bemoglobinemia m patients recervmg sulfanilamide 
treatment J CUn. Invest, 1938 17, 445 
7 Hardy A. C, History of the design of the recording 
spectrophotometer J Opt Soc, Am., 1938, 28 
360 

8, Ottenberg R. and Fox, C. L., Jr., Explanation for 
the cyanosu of sulphanilamide theramr Proc. Soc, 
Exp. Biol and Med., 1938, 38 479 
9 Fox, C L. Jr., Qme, J E., and Ottenberg, R., Prod 
nets of nltra violet irradiation of sulfanilamide. 
J Pharmacol, and Exper Thcrap. 1939 66, 99 

10 Webb T J., and Kniszuk M., Spectrophotometne 

examination of blood from ammals receiving sul 
famlamide. J BioL Chem., 1939 128 511 

11 Hams J S and Michel, H. O The formatioa of 

methemoglobm and lulfhemoglobm during sulf 
andamidc therapy J Clm, Invest, 1939 18, S07 
IZ Rosenthal, S M. Experimental chemotherapy with 
sulfanilamide and related compounds. J A. M. A., 
1939 113, 1720 

13 Rosenthal S M. and Bauer H. Colorimetric tests 

for oxidation products of sulfanilamide. Pub. 
Health Rep., 1939 54 No, 4Z 

14 Fox, C L., Jr., The significance of the oxidation of 

sulfanilamide during therapy Am, J M. Sc. (In 
press) 




EFFECT OF DISEASE OF THE LIVER AND BILIARY TRACT UPON 
THE PHOSPHATASE ACTIVITY OF THE SERUM 


By ALEXANDER B GUTHAN KENNETH B OLSON i ETHEL BENEDICT 
GUTMAN AKo CHARLES A FLOOD 

(From the DeparlTitents of Medtcute and Surgery College of PhyncuiKS and Surgeons 
Columbia UnwereUy and the Presbytenan Hospital New York) 

(Rectivcd for publication August 29 1939) 


The present study deals with the influence of 
common affections of the liver and biliary tract 
upon the level of scrum phosphatase activity m 
the adult It is an analysis of our observations 
dunng the pcnod 1933 to 1939 on those patients 
with involvement of the hvcr or bihary tract in 
whom the diagnosis could be proven by explora- 
tion or necropsy or when insusceptible of proof 
(as m the hcpabtides) , could be established with 
reasonable certainty by chnical methods Some 
350 cases satisfied these cntcna 79 adults with 
proven obstruction of the common bile duct, 75 
cases of hepatitis of indetermmate etiology 
("catarrhal*' jaundice), 39 cases of jaundice 
foUowmg exposure to known hepatotoxic drugs 
15 cases of hemolytic jaundice, 45 patients with 
proven arrhosis of the hver exclusive of biliary 
arrhosis 46 patients with proven neoplastic m 
volvcment of the hver, 10 patients with proven 
hvcr abscess, 10 cases of proven chronic passive 
congestion of the hver without sigmficant *car 
diac * arrhosis, cind 29 cases of miscellaneous 
disorders of the hver or bihary tract The data 
m 123 of these patients have been reported else- 
where (1) We record here observahons made 
subsequent to that report together with a study 
of the distnbution of values in our total ex- 
pcncnce. 

On the basis of these empincal climcal data 
we have attempted to define the chmeal usefulness 
and hmitations of the dctcnmnation of scrum 
phosphatase activity as apphed to diseases of the 
liver and biliary tracL Three such applications 
of the method appear to be of promise (I) as a 
supplementary aid to the chmeal differential diag 
nosts of the several types of jaundice (2) as an 
mdex to certain complications following surgical 
procedures on the bihary tract (5) as a rela 

^Supported by a grant from the Joaiah Macy Jr^ 
Foundabem. 


lively early mdicator of metastases m patients 
known to have malignant tumors 

It may be stated at the outset that our data do 
not wholly support Roberts* disputed claim that 
by determining the phosphatase activity of the 
serum * toxic mfeebve and catarrhal jaundice 
may be readily distinguished from jaundice of 
the obstructive type ” (2) We find, as have 
most previous investigators (3) that while pa 
ticnts with obstructive jaundice show apprcaable 
elevations m scrum phosphatase activity with rea 
sonable consistency mcrcased serum phosphatase 
levels of the same order may be observed also in 
some patients with hepatitis. Whether or not 
the overlapping of values m the several types of 
jaundice is suffiaent to mvahdate the scrum phos- 
phatase determination as a practical aid in dif- 
ferential diagnosis is the crux of the problem 
under consideration and the chief impetus for 
our studies These studies have led us to beheve 
that, in general the determination of serum phos 
phatasc activity affords evidence of limited but 
definite value in the major practical problem 
presented by patients with jaundice the decision 
between surgical intervention ( * surgical jaun 
dice *) and conservative management ( * medical 
jaundice ) This usefulness is, of course con- 
tingent upon the recogmbon of specific defiaencies 
m the method to be pomted out later and upon 
a general apprcoatioa of the limitations of any 
one means of mvcshgation in so complex a phe- 
nomenon as jaundice Reproduabihty m tech- 
mque of the serum phosphatase determination is 
another essential smee application of the method 
depends upon a comparison of levels of phospha- 
tase activity 

We have attempted further, to denve such 
generahzations regarding possible mechanisms 
regulating the scrum phosphatase level in hepatic 
disease as would seem to be justified by the con 
sistency of our data. Obviously, uncontrollable 
129 
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vanables encountered m any such clinical study 
necessitate cautious interpretation However, it 
may be said that, with certain unexplained excep- 
tions, the level of phosphatase activity of the 
serum m the adult appears to be peculiarly sensi- 
tive to any significant compromise of the patency 
of the extra- or intrahepatic biliary system, but 
is relatively unaflFected by even extensive hver 
parenchymal injury per se The determination 
of serum phosphatase activity in this sense com- 
plements the so-called '' liver function tests, 
which afford a measure of injury to the liver 
parenchyma, and the dye retention tests, which 
are inapplicable in the presence of jaundice 

The absolute values reported in our tables and 
the empirical levels derived in our statistical 
analysis refer to the Bodansky method for the 
determination of serum phosphatase activity (4) 
In our hands, as in those of Bodansky, this 
method gives a range of 1 to 4 Bodansky units 
per 100 cc serum for normal adults (1) Serum 
bilirubin was estimated by the method of Thann- 
hauser and Andersen (5) The results of vari- 
ous other determinations are not recorded, with 
a few exceptions that bear directly upon the inter- 
pretation of serum phosphatase values 

RESULTS IN CASES 124 TO 358 ^ 

1 Jaundice due to obstruction of the erira- 
hepatic biliary tract 

A Pre-operative values tn 27 proven cases of 
common duct stone (Table IA)j 19 proven cases 
of caranoma of the head of the pancreas or of 
the extrahepatic biliary tract (Table IB), and 8 
proven cases of obstruction of mtscellaneous ori- 
gin (Table IC) The phosphatase activity of the 
serum was defimtely increased in every one of 
these 54 cases of obstructive jaundice Initial 
values m 49 cases ranged from 1131 to 10 9 Bo- 
dansky units per 100 ccl serum Values of less 
than 10 Bodansky units were obtained m 5 pa- 
tients, of whom 3 were found to have calculi in 
the common duct with incomplete obstruction, 1 
was a typical case of carcmoma of the head of 
the pancreas with complete obstruction of the 
common bile duct, and 1 was a curious case of 

3 To avoid confusion with the 123 cases previously 
reported (1), the patients m the present senes are num- 
bered bcginnmg with 124 


caranoma arising from the proximal end of the 
common bile duct, with complete obstruction 
The serum phosphatase values subsequently rose 
m this instance as the serum bilirubin levd fell, 
for reasons that were never explained The pa- 
tient was not studied in the last months of life 
when jaundice recurred 

The total cholesterol content of these sera is 
recorded for compansoti with the serum biUrubm 
and phosphatase levels The significance of this 
companson will be considered in the discussion 

Bi Post-operative serum phosphatase values^, 
with special reference to persisting external bili- 
ary fistulae Serum phosphatase activity was de- 
termined post-operatively in 11 patients of the 
present senes, at mtervals varying from 3 days 
to 9 months after surgical intervention Usually 
a roughly parallel trend m serum phosphatase 
and bilirubin was observed post-operatively But 
sometimes there was a dissoaation in serum phos- 
phatase and serum bilinubin levels as illustrated 
particularly by the following 3 patients who de- 
veloped persistent external biliary fistulae after 
cholecystectomy It will be noted that, when such 
a dissociation m serum phosphatase and serum 
bilirubin levels occurred, the increased level of 
serum phosphatase activity paralleled the course 
of clinical complications, whereas the serum bili- 
rubin showed little or no rise 

T G , aged 45, developed bile pentomtis follow mg 
cholecystectomy without dramage. Subsequent explor- 
ation disclosed disruption of the ligated cystic duct 
stump The serum bihrubm rose to S2 mgm per cent, 
perhaps due to resorption of mtrapentoneal bile, but the 
serum phosphatase level remamed withm essentially nor- 
mal limits (4 7 Bodansky umts) so long as bile dramed 
freely into the abdominal cavity After correction of 
the leak and establishment of temporary external bihary 
drainage, the jaundice eventually cleared, the biliary 
fistula gradually closed, the stools showed bile and the 
patient became afebrile. He returned later with chills, 
fever and malaise suggestmg cholangeitis, the symptoms 
subsiding after several weeks Similar episodes recurred 
for the next 6 months Throughout this period, he never 
developed jaundice, but the serum phosphatase activity 
was persistently elevated, rangmg from 22 5 to 360 
Bodansky umts per 100 cc. As the febrile attacks gradu- 
ally subsided, the scrum phosphatase values began to falL 

A. P (Case 6), foUowmg cholecystectomy, developed 
a stricture of the common bile duct with serum bihrubm 
of 10 7 mgm, per cent and serum phosphatase activity of 
252 Bodansky units per 100 ca Plastic repair of the 
common duct and establishment of a biliary fistula re- 
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suited in subsidence of jaundice but coovaleicence was 
stormy until, a month later a perihepatic abscess ivas 
drained. After several uneventful months jaundice re- 
curred (scrum bilirubin 12 mjnn, per cent) with a scrum 
phosphatase level of 34 9 Bodansky units per 100 cc. 
Exploration disclosed cicatrixation of the repaired com 
mon bite duct External drainage of bile again resulted 
in subsidence of jaundice but ivith cessation of drainage, 
fever chills and jaundice returned, For the next 2 years 
mtemuttent closure of the biliary hstula was associated 
with similar episodes suggesting cholangdtis the serum 
bltirubm fluctuating between 8,8 and 3i) mgm, per cent 


the serum phosphatase level remaining m the region of 
30 Bodansky units. Finally choledochoduodenostoroy 
was performed (at whidi time biliary cirrhosis was 
noted) and this apparently cEcctcd adequate mtemaJ 
drainage of bile. The patient has been virtually asympto- 
matic for 1 year and the serum phosphatase has fallen 
to 18,3 Bodansky units per 100 cc. with a trace of Icterus 
The last patient R, R, aged 28 sinwrved an even more 
complex sequence of post-cholecystectomy oompbcations 
with an accompanying dissociation of serum phosphatase 
and bihnibm trends. In this mitance, post-operative re- 
currence of severe jaundice suggested possible stricture 


tabi,b I 

Summary of analyses of tb* blood in fifty-four caw of jaundtu dut to common biU dud obUrudton 
(Diagnosis established at operatbn or autopsy in each Instance) 
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TABLE I — Conttnued 



B ciBciNOia or bi:ii) or rijrcEXJLB ob or xxtbjibxf^tio bilubt txiot 


161 

<? 

36 

Camnoma of bead of pancreas, Iher metas- 

5 months 

0 

April 9 1937 

1131 

94 


Cboiecystogaitroitomy April 19 1937 




tasea 


B1 

April 13 1937 

lOlJ 

BIO 

1316 

162 

153 



Carcinoma of bead of pancitas 

Carcinoma o f bead of pancreasT ohronio pan- 


1 + 

April 28, 1937 

294 

37 

707 


d' 

o' 

49 

52 

1 year 

9 weeks 

i 

July 18, 1938 

Ai^ 15. 1939 

63^ 

483 

m 

417 

347 

Operation July 32, 1938. 

Operation April 1939 




creaUtiB obetniotinf common duct? 








154 


70 

Carcinoma at junotlon of main hepatio ducti 

7 weeks 

P 

June 28, 1939 

413 

163 

387 

Autopey July 6, 1939 

155 

cf 

65 

Carcinoma of bead of pancreas 

4 weeks 


February 1938 
Marchs,!^ 

337 

183 

BIB 

248 

290 

Choleeyitoj^tinostoiny Mareh 3, 1938. 

156 


67 

Carcinoma at junction of main hepatic ducts 

2 months 

El 

Juno 16. 1937 

276 


676 

Autopnr June 30, 1937 

167 

c? 

64 

Carcinoma of bead of pancreas 

1 week 

+ 

December 7 1938 

197 

64 

276 

Operation Deceznber 23, 1933. 







December 13, 1936 

20 

8.1 

278 







December 15 1936 

207 

mm 



153 

d* 

48 

Carcinoma of bead of pancreas 

6 weeks 

p 

October 8. 1937 

173 

123 

291 

Operation October 15, 1937 

159 

d 

49 

Carcinoma of bead of pancreas, Iher metas- 
tasea 

Carcinoma of kaU bladder or bile duct 

6 weeks 

□ 

March 4, 1938 

163 

74 

208 

Operation March 11, 1938. 

Ik«i 

9 

72 

2 weeks 

+ 

July 13. 1939 

163 

17 6 

303 

Operation July 26, 1939 







July 20 1939 

193 

18,0 


161 

d 

70 

Carcinoma of bead of panoreast ebronio pan- 
creathis obetructins oommon duotT 
Candnomn of bead of pancreas 

2 months 


July 10 1939 

153 

4,7 

94 

Operation July 18, 1939 

163 

V 

76 

3 weeks 

P 

January 33, 1939 

15.4 

314 


Cboledochoduodeaostomy February 4, 



1 


o 

February 3, 1939 ' 

13 0 

17 4 


1939 Fnlarged Urer soon obriooily 






=h 

February 7, 1939 

13.4 

13 6 

243 

metastatlo. 

163 

d 

63 1 

Carcinoma of bead of nanereas 

Carcinoma of gaQ bladder, Urer metsstaaes 

0 weeks 

o 

July 7 1938 

133 

183 

626 

Operadon July 14, 1938. 

164 

v; 

63 

4 weeks 

0 

July 31, 1939 
Aoeuit 5, 1939 

133 

2L0 

234 

1 Operation August 11, 1939 





0 

13.7 

183 


165 

d* 

48 1 

Carcinoma of common Hie duct 

1 week 

+ 

June 19, 1936 

12.1 

23 

1 360 

Autopiy August 23, 1935 
, Operation March 6, 1939 

166 

o' 

55 

Carcinoma of ampulla of Vater 

2 weeks 

0 

December 29, 1938 

130 

63 

270 






January 3, 1939 

10 7 

6.0 







st 

January 30, 1939 

i 157 

6.9 









February 14, 1939 

163 

94 

365 







d: 

Marehl, 1^9 

12.4 

lU 



167 

d' 

64 

Carcinoma of bead of pancreas 

6 weeks 

o 

1 September 32 1937 

103 

12,1 

626 

Operation October 6, 1937 






1 B^tember27 1937 

113 

16.0 

586 


168 

d' 

53 

Cardnoma of body and bead of pancreas 

6 wedcs 

d: 

Dectonber 31, 1938 

1 96 

203 

243 

Cboleoystojejunoslomy December 30,1938 





d= 

December 23, 1938 

8.6 

213 








P 

January 4, 1939 


203 

172 

Exploration March 23, 1937 

169 

9 

60 

Cardnoma of rn&!n hepatic ducts 

10 weeks 

o 

March 0, 1937 


206 

383 





0 

March 17 1937 


28.0 


Autopey April 4, 1938. 







October 13 1937 


23 

191 







October 26, 1937 

26.6 

XO 




0 oBSTstrcnoK or couuov biub dbct duv to vTVTau^Tftoua (uubxs 


170 

d 

61 

Carcinoma of esophagus with extension to 

4 weelcs 

0 

September 1, 1933 

4L0 

183 


Autopsy September 13, 1938. 




and occlusion of common duct 






Operation December 20, 1937 

171 

9 

29 

PoetoperatiTO benign stricture of common 

3 months 

+ 

December 14 1937 

36.4 

33 

340 

172 

9 

60 

DUS duct 

Cardnomi. orb^ unknown obstruction of 
common mla duct 

4 weeks 

+ 

October 14, 1938 

173 

33 


Op«ation October 32, 1938. 

173 

& 

4mtbs. 

Conge^tel atreda of bile ducts 

Beni^ stricture of commou bile duct 

4 months 

0 

August 3, 1039 

na 

90 

167 

Operation August 10, 1939 

174 

9 

33 

3 years 

+ 

June 30, 1937 

163 

63 


Operation August 16, 1937 





July 6, 1937 

113 

3.0 


Operation August 11, 1939 

175 

d 

38 

Cardnoma, ori^ unknown obstruction of 
common bOe duct 

3 weeks 

d: 

d= 

July 37, 1939 
August 5, 1939 

153 

163 

43 

93 

323 

1 

170 

1 ^ 

1 

60 

Carcinoma of stomach, extendon to and oo> 
dudon of oommon biie duct 

6 weeks 

+ 

1 

Feheuanr 21, 1938 

143 

1 

103 

278 

1 Operation March 13, 1938 

177 

9 

65 

1 Chronio pancreatitis, obstruction of common 

1 month 

,+ 

May 3, 1939 

103 

: U 

197 

Operation May 18, 1939 




1 bile duct 


1 

1 May 17 1939 

193 

1 





of the common bile duct, although the serum phosphatase 
was only 7J& Bodansky units with a serum bilirubm of 
92 mgm, per cent Exploration disclosed a patent com- 
mon duct of normal caliber but free of bile The opera- 
tive findings suggested that the jaundice was of mtra- 
hepatic origin, probably hepatitis Dunng this proce- 
dure, the duodenum was entered inadvertently and m 
the course of her stormy convalescence, a duodenal fistula 


developed. Through this bile dramed freely, with subsi- 
dence of jaundice and return of the serum phosphatase 
to 48 Bodansky umts per 100 cc. The fistula closed 
eventually but transient episodes of chills, fever and 
malaise have recurred at frequent mtcrvals smcc. Sig- 
mficant climcal jaundice has not developed, yet the serum 
phosphatase level rose and has remained at about 18 
Bodansky units per 100 cc. 
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2 Jaundice due to liepaiitis 

Tables II and III together summanze our re- 
sults in 67 cases of jaundice classified on clinical 
grounds as due to hepatitis The distnbution of 
scrum phosphatase values m this group is not as 

TABLE n 


Switnary of analyfos of blood \n forty-one aues of jaundice 
tetlh a climcal course consistent xnth hepaiuts of 
tttdeUmnnaU eholoiy i caiorrhal jaundice) 





AnriuInuU 

mnSoiol 

ImanSo* 



1 







1 6wm 

Ka»> 

Ur 









Sa 

1 

1 

Ax* 

Uood 

ToUl 

inn- 

tkw 

u 

■tool 

Dal* 

Him- 

plntiM 

BO- 

nblo 








n-i— .Lj 




f«in 

43 

20 

■wit 

f 

+ 

7>imir7 1939 
FttKW7 8,^1939 

i»4i pur 

ICOcc. 

UJ 

12.1 

ILI 

8A1 

74 

9J 

54 

l>ae* 



1 



1 

Mvoh^lpit 1 

179 

9 

29 

3 

3 ^ 

+ 

Atxfl 11,1939 1 

April 19. 1939 i 

Apdl28,19» 

US 
lOJ 1 
7S ' 
AB 

54 

44 

LO 

Tri£« 

180 

9 

13 

7 ! 

t 

+ 

KamnUr 17 1934 

12U 

104 

Itl 

9 

81 

31 

10 

0 

t 

ill 

lU 

9J 

134 

104 

14 

UJ* 


U 

23 

13 

, + 

Jab 7, 1939 

Jnlr 17 1939 

Jtb 31.1939 

10l8 

gs 

ua 

47 

A4 

174 

18} 


38 

6 

3S 

+ 

JumujU 1939 
FitmJ73, 1039 

0J 

7J 

84 

74 

M 

<f 

30 

i 11 

1 3 

+ 

jQMia,1937 

JUM 19, 19n 

9Ji 

8S 

84 

17 

m 


43 

8 

' U 

+ 

nemberli, 1938 
JukujtU 1937 

9l2 

A9 

84 

17 

M 

d" 

4f 

' 0 

' 3 

+ 

Asxnit 19, 1939 

' ae 

>244 

187 


23 

1 ^ 

1 8S 

+ 

JunAiTB, 1933 
JanuT7Si^l9tt 
Fdrtury li, 1938 

AS 

7S 

4.4 

1 

' 74 
24 

188 

9 

49 

9 

3 

+ 

UtrS 1837 

Utj iU 1037 

May 14,19n 

U 

9Ji 

iB 

U 

1.4 

2J 

180 

9 

74 

1 

29 

1 

25 

1 

+ 

Kmmbtr 6, 1030 

A4 

104 


d* 

i 

2 

0 

M«dk&1939 

AirU3.1m 

l"? 

34 

84 

Tm« 

111 

J 

34 

10 

3 

0 

July 15,1937 

TJ 

84 

m 

9 

33 

i 

IS 

+ 

Fibniuy 18, 1939 
Ittrowy 90< 1939 
JwatJa, 1939 

74 

U 

34 

44 

84 

• 

193 

<f 

31 

1 « 

11 

+ 

April 28. 1919 

April 38, 1939 

77 

84 

lU 

lU 

m 

9 

22 

1 ^ 

, 1 

+ 

SeptoUrll, 1938 

TJ 

lOJ 

183 

9 

07 

20 

13 

0 

+ 

Jk»(7A,ll33 
JkBOizj 10, 1938 

74 

114 

84 

198 

d* 

1 ** 

1 

U 

0 


Jcm9.1838 

JtaaU. 1038 
/ttiyfi, 1938 

T4 

74 

24 

lU 

184 

24 


* Stone lubiequcntly fcnind in common duct 


TABLE u — Continued 








1 





asrAomioI 

iveufin 











Nqi»< 

ber 









Bn 

Axa 

Brien 

blood 

ToUl 

dor*- 

tloo 

ta 

JtOQ 

Dtls 


6m- 

nbbi 




T* 




19T 

d* 

ywi 

33 

Aryt 

1 

»Mb 

1 

+ 

QctoUr 15, 1938 

Btdoxily 
udu pir 

IflOVc 

74 

mfm. 

9tr 

lOOec. 

24 

193 

9 

43 

7 

5 

+ 

D«)nb«S,1937 
Dtctmhcr 15, 1917 

74 

5.4 

ILT 

lAl 

199 

d* 

33 

1 

3 

+ 

Msicbll, 1131 
UttriilA 1938 
U»nbX2,1938 

74 

64 

14 

A4 

8J 

14 

200 


34 

4 

U 

+ 

OetoUr2.1937 
Qrtober 1,1837 

74 

74 

Al 

74 

301 

V 

15 

28 

11 

+ 

Fobniuy 25, 1939 
FfincTTlS, 1939 
MuriTilUlO 
Acrfla.1939 

U 

8.8 

74 

74 

104 

84 

84 

74 

303 

9 

<0 

71 

u 


OotoUrIX, 1837 
OcUiUr2L1937 
KoT«>b^l,1937 
Iiasaryi, Im 

U 

44 

U 

24 

84 

24 

14 

IWe* 

tax 

9 

20 

I 

u 

+ 

Fibniu7ll.l93S 

84 

34 

204 

9 

It 

8 

u 

+ 

Odob«xa,m8 

84 

A8 

305 

' 9 

ts 

8 

3 

' + 

Avait, 1938 
AQia415,193S 

Ai 

4.7 

74 

11 

208 

d* 

37 

1 

34 

0 

+ 

KorviUr 25. 1938 
D«cimb« 1. 1931 

A] 

44 

44 

14 

207 

e? 

11 

33 

7 

0 

Uiith2,19l9 

U 

184 

308 

V 

24 

1 

3 

+ 

Ja|y 1,1939 

At 

Ai 

200 

cP 

30 

U 

34+ 

+ 

OeioUr25,1937 

54 

A4 

310 

cf 

23 

31 

4 

+ 

Jd[y21,193S 

July 35, 1918 

64 

114 

54 

311 

d* 

U 

8 

2 

+ 

Aoxia49.1933 

A4 

A4 

112 

d» 

41 

14 

5+ 

+ 

A^arill. 1918 
AnoftXl. 1938 
AocoriSQ, 1938 

Al 

A7 

214 

184 

114 

2U 

d- 

33 

3 

U 

0 

luM 30,1938 

Al 

74 

314 

9 

24 

3 

3 

+ 

/tnaiTy lA 1938 

44 

44 

115 

d* 

28 

1 

3 

+ 

Ivnory 5, 1939 

44 

U 

210 

d* 

33 

23 

11 

+ 

OetoUria,1937 
MoTtmba- 18, 1937 
DwamUrll. 1937 

44 

14 

14 

184 

14 

34 

317 

9 

37 

4 

U 

+ 

Uuriil0,193S 

la 

A9 

3in 

cf 

19 

U 

34 

+ 

FibrtUkry 25, 1937 

24 

A4 


t Subsequently found to lare hemolytic Jaundicev ac 
quired. 


sharply defined in relation to the empirical level 
of 10 Bodanaky units as in the cases of obstruc- 
tive jaundice the phosphatase levels did not reach 
10 Bodansky umts per 100 cc. serum m 49 m 
stances, whereas 18 cases exceeded this figure. 
However the results show greater consistency if 
those patients whose jaimdioe followed upon the 



134 


A B GUTMAN, K B OLSON, E B GUTMAN, AND C A FLOOD 


TABLE lit 


Summary of analyses of the blood in twenty-suc cases of jaundice following exposure to known JiepaloJoxic agents 






Approximate dura- 



1 

— 

Number 

Sex 

Age 

Cause of jaundice 

Uon of jaundice 

Urcs 

billn 


benim 

Before !ni 
tlal blood 
analysis 

Total 

duration 

In 

stool 

Date 

Pbospbatasc 

BIU 

rubln 









days 

VBCKks 



Bodansky 

ntgm 



ycarx 




untls pxr 

per iOO 









100 cc 

cc* 

219 

9 

53 

Arsenical therapy 

7 

> 7 

=fc 

May 31, 1939 

19 5 

53 







:h 

Tune 5, 1939 

30 9 

99 







0 

June 15, 1939 

4V 6 

16 6 







0 

June 22, 1939 

31 5 

13 8 







+ 

June 29, 1939 

25 0 

12 9 

220 

& 

29 

Arsenical therapy 

20 

8 

0 

May 20. 1938 

17 6 

17 0 







db 

June 1, 1938 

13 8 

15 0 








June 14, 1938 

11 6 

12 5 







+ 

June 21, 1938 

11 8 

94 

221 

c? 

35 

Arsenical therapy 

70+ 

14+ 


July 24, 1939 

July 28, 1939 

16 7 

65 







+ 

14 9 

65 







4“ 

August 18, 1939 

24 7 

47 

222 

9 

22 

Cmchophen 

20 

8 

+ 

April 21, 1939 

May 1, 1939 

15 8 

40 







+ 

13 8 

20 

223 

9 

25 

Arsenical therapy 

7 

> 3 

+ 

June 8, 1939 

14 5 

17 0 

224 

9 

57 

Arsenical therapy 

7 

8 

0 

January 19, 1937 

14 0 

14 2 







+ 

January 26, 1937 

7 8 

ISO 







+ 

February 2, 1937 

11 2 

12 5 







+ 

March 4, 1937 

68 

20 

225 

9 ' 

36 ! 

1 

Arsenical therapy 

60:i: 

25 

0 

July 26* 1938 
Septemcier 1, 1938 

12 7 

18 5 

10 4 

15 0 







+ i 

September 13, 1938 

20 1 

It 7 







+ 

j September 27, 1938 1 

13 9 

1 

94 

226 

c? 

19 

Arsenical therapy 

7 

1 ^ 

1 + 

, March 9. 1938 1 

12 2 

70 




1 

1 

+ 

! March 22, 1938 

14 3 

22 

227 

& 

S3 

Arsenical therapy 

9 

20 

; + 

; March 17, 1938 

12 1 

13 2 






t + 

March 21, 1938 

90 

74 

228 

c? 

33 

Sulfanilamide 

! ^ 

, 1 

1 

1 Aprd 8, 1937 

1 11 3 

1 








July 10, 1939 

1 114 









July 16, 1939 

9 1 

Trace 

229 


24 

Arsenical therapy 

6 

2+ 


March 27, 1939 

10 8 

79 


1 


1 


+ 

April 3. 1939 

20 4 

115 

230 

d" 


Sulfanilamide 

i 5 

5 

+ 

May 24, 1937 

June 1, 1937 

10 4 

20 



30 ^ 





119 

20 








June 7, 1937 

10 5 

7 1 








June 16, 1937 

10 9 

20 


1 






June 28, 1937 

6 1 

1 0 

231 

& 

43 

Arsenical therapy 

63 

13 


July 29, 1939 

10 0 

16 0 



i 




August 7, 1939 

90 

16 5 

232 

9 1 

57 1 

Phosphorus* 

2 

4 

? 

August 11, 1938 

87 

27 

233 

& 

26 

Arsenical therapy 

? 

? 

+ 

February 3, 1937 
March 9, 1937 

84 

83 







32 

Trace 

234 

c? 

46 ! 

Arsenical therapy 

14 

4 


June 14, 1937 

82 

42 



1 




June 24, 1937 

62 

30 
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TABLE m — Coniinued 


Nombu 

Sex 

Ata 

Cum at Jatmdka 

1 

1 

Aimroxixnats dors ' 
tlofl of Jsuodict j 

Uro- 

UUn 

In 1 
■tool 

- ■ 1 


Seraat 

Befon Inl 
, Msl blood 

ToUl 1 
dujstioq^ 

PbofphaUM 

BOI 

mbta 










mpm 



ytart 


d*Tt 

wutj 



■«ru p€r 

ftr too 









100 u. 

cc. 

235 

9 

38 

SidfapyruUne 

1 

5 

+ 

January 24 1939 

79 

62 








January 27 1939 

13 6 

20 








February 1 1939 

84 

Trace 

236 

1 d' 

1 37 

1 Arsenual therapy 

1 15 

4+ 

+ 

January 14 1937 

7.5 

15 0 








January 18 1937 

4 6 

14 4 





i 



January 21 1939 

4 1 

11 2 

237 

9 

35 

Aracnical therapy 

1 35 

12 

+ 

June 3 1938 

69 

13 0 







+ 

June 13 1938 

8 7 

94 








Jane 27 1938 

89 

50 







+ 

July 5 1938 

1 86 

4J 

238 

d’ 

34 

Arsenical therapy 

16 

4 

+ 

February 5 1937 

65 

114 

239 

1 

d’ 

71 

Carbon tetrachloride* 

7 

1 

+ 

March 22 1937 

62 

14 0 

240 

d* 

22 

Arsenical therapy 

60^ 

10 

0 

August 26 1936 

60 

8J 

241 1 

9 

32 

Sulfapyridme 

1 

< 1 

+ 

December 27, 1938 

49 

38 








January 5 1939 

j 3.3 

1 S 

242 

9 

37 ; 

Carbon tetrachloride 

? 

2d= 

+ 1 

May 22 1937 

47 

i 4.5 








May 29 1937 

44 

3.5 








June 2 1937 

1 SO 

1 40 



1 





Junes 1937 

1 46 


243 

9 

47 1 

Sulfannacnide 

? 

1 

+ 

December 24 1937 

4 1 

Trace 







+ 

January 3 1938 

1 7 6 


244 

& 

42 

Sulfannaraido 

1 

3 

+ 

Apnl9 1937 

1 ^ ^ 

3D 


* Fatal termination. 


admimstrabon of hepatotoxic drugs are segre- 
gated from the miscellany of cases which it is con 
vcnient clinically to group together as “ hepatitis ' 
This division for which there is other justifica 
tion ordinanly can be made without difficulty by 
reference to the case history 
Tabic II mcludes 41 patients with jaundice of 
indeterminate etiology m whom the dmical course 
with few exceptions, was typical of so-called 
''catarrhal jaundice. The phosphatase activity 
of the scrum m all but 5 of these patients was less 
than 10 Bodansky umts per 100 cc. The 5 cx- 
ccpliona mdude one 13 year-old patient whose 
scrum phosphatase level of 13 1 Bodansky umts 
was little, if at all above the normal maximum 
for that age penod. In many of the cases m this 
group with comparatively little rise m serum 
phosphatase activity the degree of jaundice and 
the dinical course were indicative of severe paren- 


chymal involvement In some, achohe stools 
were present for vanable, occasionally protracted 
periods 

Table III mdudes 26 patients iwth jaundice 
following exposure to known hepatotoxic agents 
for the most part luetics after mtravenous admin- 
istration of arsphenamme. In some of these, 
icterus developed rapidly early in the course of 
treatment, the highest values in Table III falhng 
m this group In others, icterus appeared as 
late as 6 months foUowmg cessation of treatment 

The dispersion m the cases comprising Table 
III 13 sinking no less than 14 cases (about half) 
presented serum phosphatase values greater than 
10 Bodansky units at some time m the course of 
their jaundice m one mstance reaching a level of 
41 6 Bodansky imits per 100 cc. serum. There 
IS some evidence that the dispersion m scrum 
phosphatase values observed m arsphenamme 
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jaundice may have clinical sigmficance since many 
patients with markedly increased serum phospha- 
tase activity also presented other peculiarities 
(clinical as well as in laboratory data) suggesting 
an obstructive rather than hepatogenous type of 
jaundice For example, Hanger (6) pointed out 
that the sera of patients with arsphenamme jaim- 
dice and markedly increased serum phosphatase 
activity fail to flocculate cephahn-cholesterol emul- 
sions, a sensitive test for hepatitis Moreover, 
the serum cholesterol values in this group rose, 
m contrast to the usually normal or lowered levels 
m hepatogenous jaundice, the nse occurring after 
icterus had been present for some tune and tend- 
ing to persist after jaundice had subsided Chm- 
cally, this group was charactenzed (6) by acute 
onset in the form of a typical delayed reaction to 


the second or third arsphenamme injection, by 
intense icterus and pruritus, acholic stools for 
long penods, and relative freedom from gastro- 
intestinal upsets 

The cases in Table III with little nse in serum 
phosphatase activity, on the other hand, for the 
most part presented a chmcal and laboratory pic- 
ture more in keeping with that of hepatogenous 
jaundice 

S Heffwlyttc jaundice 

Table IV summarizes the results in 12 of our 
patients with hemol)rtic jaundice of diverse eti- 
ology Case 245 was an infant who was deeply 
icteric at birth, the hyperbihrubinemia gradually 
subsiding within 6 weeks , an mstance, apparently, 
of unusually severe and protracted “ physiologi- 


TABLE IV 


Summary of analyses of the blood tn twelve cases of hemolytic jaundice 






1 Serum 


Number 

Sex 


Date 

1 

Phos ! 
phataae 

BUlrubiu 

Dlagno^ 

245 



January 22 1937 
February 2, 1937 

1 

Bodansky 
units per 
100 cc. 

13 7 

tngm Per 100 cc 

15 0 (direct reaction) 

74 

Unusually marked “physiological jaun- 
dice’* of newborn with protracted but 
benign course 

246 

1 

: ^ 

28 

1 

1 

! December 19, 1935 
December 23, 1935 

1 December 27, 1935 
February 3 1936 
May 12, 1937 | 

December 11, 1937' 
September 17, 1938' 
September 23, 1938 

13 6 

99 

5 8 

3 5 

39 

3 8 

3 5 

18 9 (direct reaction) 

10 0 (direct reaction) I 

9 4 (direct reaction) 1 

5 4 (biphasic reaction) ' 

6 1 (mdirect reaction) i 
34 

25 0 (direct reaction) 1 

4 0 (direct reaction) 

Sickle cell anemia with related bone 
changes, hemolytic crises 

Hemolytic crisis 

247 ^ 

d' 

57 

May 1, 1939 

39 

5 4 (biphasic reaction) 

Familial (spherocytic) hemolytic jaun- 
dice 

248 ' 

9 

36 

June 20, 1938 

38 

2 9 (indirect reaction) 

Familial (spherocytic) hemolytic jaun- 
i dice 

249 

o' 

18 

May 5, 1937 

26 

4 7 (indirect reaction) 

1 Acquired hemolytic jaundice, cause 

1 unknown, splenomegaly 

250 

9 

58 

September 22, 1938 

26 

1 2 0 (mdirect reaction) 

Pernicious anemia 

251 

o' 

57 

May 13, 1938 

25 

1 

1 3 0 (indirect reaction) 

1 Pernicious anemia 

252 

9 


June 1, 1936 

23 

2 0 (indirect reaction) 

Pernicious anemia 

253 

o' 

62 

June IS, 1937 

23 

3 4 (mdirect reaction) 

Pernicious anemia 

254 

& 

35 

July 20, 1938 

20 

3 0 (indirect reaction) 

Familial (spherocytic) hemolytic jaun- 
dice 

255 

o' 

74 

May 27, 1938 

20 

2 0 (mdirect reaction) 

2 0 (indirect reaction) 

Pernicious anemia 

256 

9 

61 

March 19. 1937 

1 9 ' 

Pernicious anemia 
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cal” jaundice. The value 137 Bodansk) units 
per 100 cc. is little, if at all, above the normal 
maxunum for that age period Case 246 was a 
colored male with severe sickle cell anemia and 
related skeletal changes who expencnccd several 
episodes of reenmng jaundice. The first of 
these, m 1935, was an afebrile attack of deep 
jaundice which subsided spontaneously after 2 
weeks ilarkcd enlargement and tenderness of 
the liver, choluna normal stools and negative 
X rays for opaque biliary calculi, characterued 
this episode, the precise nature of which remained 
uncertain. In 1938 severe jaundice recurred 
with a sharp drop m the erythrocyte count typical 
of * hemolytic cnsis * Because of pamful at 
tacks suggesting bihary colic and x ray evidence 
of gall bladder disease, the possibility of obstruc 
bon due to pigment stones was suggested The 
serum phosphatase level was within normal limits 
despite very marked hyperbihrubmemia. Explo- 
rabon revealed calcium bflirubinate ‘ mud ' m the 
gall bladder but no obstruebon of the common 
bile duct, which was not dilated and through 
which sahne could be imgated freely 

As indicated m Table IV, the phosphatase ac 
bvity of the serum is consistently withm normal 
limits m hemolybe jaundice. There is no diffi- 
culty m establishing the diagnosis of hemolybe 
jaundice on other grounds, however, and we re- 
gard the use of the method m this type of jaundice 
as of chiefly theorebcal interest, though m occa 
sional obscure instances such as Case 246 the 
dcterminabon may be of distinct aid 

4 Ctrrhosts of th* Iwer 

Table V summarues our results in 30 pabents 
ivith orrhosis of the hver m whom the diagnosis 
could be established at necropsy or by hver biopsy 
Thu IS a heterogeneous group The majority of 
subjects were chronic alcohohes and at necropsy 
many were found to have a fatty type of I.aen- 
necs cirrhosis speafied as alcohohe arrhosis 
(7) , when fatty degencrabon was not striking but 
fibrosis was the chief abnormahty the findings arc 
designated more generally as Laennec s arrhosis 
The presence of extreme atrophy is recorded. 
The senes further comprises 3 cases of ** cardiac ” 
arrhosis m pabents with long standing cardiac 
failure 3 cases of hemochromatosis 2 cases of 


“toxic” arrhosis associated with hyperthyroid- 
ism and 1 case of schistosomiasis of the liver 
with orrhobc changes. Cases 257 and 263 were 
relabvely young persons In the former the 
clinical course vras that of sub-acute yellow hver 
atrophy though the pathological findmgs were not 
so classified. Our proven instances of biliary cir- 
rhosis were all patients with chronic obstruebve 
jaundice and are included m Table I 

These pabents for the most part presented the 
picture of hepabc cirrhosis in its more advanced 
stages We have recorded the results of serum 
protein analyses (Howes method was used) to 
afford another entenon of the degree of hepabc 
pathology The highest value for serum phos 
phatase acbvity observed m this group was 203 
Bodansky units per 100 cc. In only 6 pabents 
were serum phosphatase levels of 10 Bodansky 
umts or over obtained and 3 of these mcoostantly 
exceeded that figure Almost half of this group 
of advanced orrhobes were found on at least one 
occasion to have essentially normal scrum phos 
phatase Icveb The results indicate that even ad- 
vanced hepabc arrhosis of the type included in 
Table V usually effects httlc nsc m scrum phos- 
phatase activity In biliary arrhosis the values 
are quite consistently elevated 

5 Neoplastic vwolveinent of the liver 

Four proven cases of primary caremoma of the 
Iwer (Table VIA) 10 cases of malignancy 
proven not to have Iwer involvement (Table 
VIB) and 2Z cases of malignancy with proven 
mefastases to the Iwer (Table VIC) In 2 of 
the cases of primary caremoma of the hver, the 
tumor had its origin in the mtrahepabc biliary 
system (cholangioma) 2 arose from hepabc cells 
(hepatoma) m assoaabon with advanced Lacn 
nec s arrhosis Not included m Table VI are 2 
cases of caremoma ansmg from the junchon of 
the mam hepabc ducts, which are recorded m Ta- 
ble IB (Cases 154 and 156) as instances of ob- 
stnicbvc jaundice due to caremoma at the ongm 
of the common bile duct bemg m effect, if not bt- 
erally instances of extrahepabc dua obstruebon. 
The scrum phosphatase activity of the cases com 
pnsmg Table VTA was distmctly elevated the val 
ues ranging from 33 1 to 11 5 Bodansky umts per 
100 cc In 2 previously recorded instances of 
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primary carcinoma of the liver (Cases 99 and 
118), the serum phosphatase levels were some- 
what lower but still above those of most cases 
of uncomplicated hepatic cirrhosis It would ap- 
pear that the serum phosphatase activity tends to 
be higher m pabents with pnmary caranoma of 
the liver than m uncomplicated Laennec’s cirrho- 
sis, with which the condition is most frequently 
confused climcally 

In considenng patients with malignancy other 
than pnmary carcmoma of the liver, it is apparent 
from our data that the serum phosphatase level 


depends largely upon the presence or absence of 
metastases to the liver or skeleton In Table VIB 
are recorded serum phosphatase values obtained 
m 10 patients with neoplasia shown at necropsy 
not to have involved the liver Cases 291 and 
292, however, had extensive osteoplastic metas- 
tases to bone and are included to illustrate the 
marked mcrease m serum phosphatase activity 
usually accompanying this type of metastatic 
spread Cases 293 and 294 exhibited a significant 
rise in serum phosphatase activity although no 
metastases were noted in the hver or bones at 


TABLE v 


Summary of analyses of ilie blood thirly provm cases of cirrhosis of the hver 






Doratiou 





Sennn 




Num- 

ber 



Basis for 

of lauD- 

BQe 

Stoolj 









Sex 

Age 

di^ at 
, time of 
blood 

1 aiulyaij 

Date 

Phoa- 

pbataae 

Bili- 

rubin 

Tota] 

pro- 

1 Al- 
bu- 
min 

Glob- 

ulin 

Eu- 

ulin 

Hemarka 



yean 





BodoniJbv 
tmUi per 
100 ec. 

mpn. 

per 

cent 

ptr 

cent 

Ptr 

ctni 

per 

cent 

per 

cent 


257 

9 

' 21 

Autopsy 

I 5 months 

0 

April 28, 1938 

May 13, 1938 

15,4 

17.3 

06 

22 

71 

3.6 

Diffuse atropHo Lafinneo ■ cirrhosis, ascites, eho- 






Q 

13 0 

16 Q 

97 

26 

7a 








0 

May 25, 1938 

1L4 

16 0 

8.5 

24 

6.1 

19 







db ' 

June 17 1938 

18.7 

15.0 

76 

26 

62 

10 







db 

July 6, 1938 

14J» 

13 4 

8.0 

2.6 

54 

2a 








July 26, 1938 

lU 

15 0 

7.8 

2.8 

5a 

L3 


258 

9 

35 ' 

liver ' 

Not ' 


May 20 1937 

1L7 

3.3 

73 

2.8 

X6 

12 

Chronic alcohoQsm. LaSnneo a oinhoris, diffuse, 




biopsy 

knovn 

4- 

Decembers 1937 

20i) 

2.5 

8,1 

36 

X5 

L4 

with h^toqienomesalty 






T 

May 3, 1938 

20.3 

2,0 

7Ji 

2.8 

44 

L0 







November SO, 1938 

15.6 

2A 

7J2 

3.2 

XO 

oa 







4* 

May 16, 1930 

1X1 

ZSl 

77 

3.6 

X3 

oa 


250 

9 

43 

Autopsy 

Not 

+ 

April 28, 1937 

May 20 1937 

10 6 

0 

60 

2.6 

2.4 

04 

Diffuse “cardiao eirrhoris, adherent perioanffum. 




jaundiced 

t 

10 9 

0 

62 

3.0 

22 

06 






June 14, 1937 

X4 

0 

6A 

%l 

Z2 



260 

d* 

32 

Autopsy 

Not 

jaundiced 

+ 

November 13, 1936 

lOA 

10 

X3 

2.0 

10 

oa 

Post-operative gastro-iepmal<oHo fistula, malnu- 
tribon. Fatty Hver, enffuse l>aSnneo s oirTbosii. 

201 

9 

43 

Autopsy 

Not 


April 20 1938 

A&y 16, 1938 

0.3 

IJO 

6.7 

36 

31 

oa 

Chronic aleo holism. Diffuse alcohoHo drrhoiii. 




jaundiced 

+ 

X7 

0 

71 

36 


oa 

No marked atrophy 

262 

9 

52 

Autopsy 

1 week 

+ 

August 11 1938 

8.5 

0.5 

6.3 

31 

Z2 

06 

Chroniotlcohoffam. Diffuse drrhosis, unclssufied 












type, superimposed hepatitis f 

263 

9 

11 

liver 

1 month 


December 2, 1938 

8.4 

4il 

7.3 

24 

X9 


Diffuse Lobmec s dnhoris with atrophy 




bmpoy 



December 22, 1936 

8.7 




1 



264 

9 

45 

Autopey 

Not 

+ 

November 22, 1937 

8.3 

0 

8.6 

50 

2.6 


Marked 'cortflao^clnhosis, hepatomegaly Rheu- 



jaundSced 


December 1 1937 

74 

trace 

6.8 ' 

8J2I 

3.0 

1 

mntia oardlao (ffssase. 

265 


64 

Autopsy 

Not 

+ 

May 3L 1938 

8,1 

3.3 

50 

2a 

3a 

oa 

Chronic ptc^hnnjym. Atrophic Lafinnec's cirrhoais. 




kno'wu 



1 




Ascites. 

260 

o' 

60 

Autopey 

Not 

+ 

January 13, 1937 

77 

2.0 

6-1 

u 

X0 

L6 

Chronic aloohoHam. Atrophic LaEnnec's rirrhcsis, 




jaundiced 








Bsoit^ 

267 

9 

50 

Autopay 

Not 


January 12, 1937 ' 

7.3 

6.5 




1 

Chronic alcohoBsm. Diffuse cirrhosis, 



known 

4 1 

January 20 1937 | 


96 





1 ascites. 

263 

9 

37 

Autopsy 

1 week 

t 

March 24, 1939 

6.4 

2J) 

62 

3.6 

27 

00 

Hyperthyroidism with patchy clnhoria. 





4 

March 31, 1939 

Oil 

34 

6J3 

3.2 

: 3J) 

06 


269 

9 

55 

Autopay 

1 

Not 

jaundiced 

+ 

January 27 1939 

O 

I trace 

1 6.9 

XO 

19 

06 

Hyperthyroidism with ffiffuse oinhxMla. 

2T0 


29 

liver 

Not 

t 

February 15, 1939 

! 5.9 

0 

5.7 

3a 

14 


Diffusely nodular fiver, no atrophy Moderately 
advan^ LaSnnec a mhosia. 


biopsy 

jaundlctd 

4 

1 March 14, 1939 

10 0 

trace 

72 

34 

3a 


271 

1 

d' 

48 

Autopsy 

3 

' ^ 

October 28, 1938 
November^ 1938 

SS 

20 

61 

L8 

X3 

12 

Diffuse g cirrhosls with atrophy AscUes. 




4. 

101 

8.3 

69 

U 

XI 

U 


1 





X 

December 15 1933 

74 

3.8 

62 

L7 

X0 

U 


1 






January 25, 1939 

10.7 

30 

6.2 

2.0 

X3 

LI 
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TABLE V — CoKitnued 


Koa* 

\m 




DnUoB 

ol 

m 


8ms 


Stz 


(Qm Bt 

Data 


BQL 

niUs 


AL 



Ramaffci 





Mooi 


Total 

Glob- 

nfii 

^b- 






■ 





nfln 










IHHl 






173 

9 


Xuiofmf 

Not 


DcocmbarlL 1S34 
Jananrll^lnr 
Jaiuury 20, 1S37 
JunuiT 17, 1937 
Dacambor xO, 1*37 
Ftbrury a, ISSt 

100 cc. 
8.7 

OB 

fJl 

8.4 

lA 

Ut 

Vtr 

esMi 

U 

tnea 

tma 

tnaa 

10 

trBca 

JW 

tmi 

U 

U 

34 

17 

34 

04 

J*r 

tni 

34 

10 

13 

14 
34 
10 

emi 

44 

13 

IP 

13 

14 
44 

JW 

ml 

13 
3J 
IS 
17 
U 

14 

AtrepUa T i|ajae*i abAodi, «fiffa>a. Aadtoa. 

rn 


iJ 

knUsttcr 

Not 

JaxQxJIcad 

+ 

UartklA, 1937 

4.7 

0 

7B 

IB 

U 

14 

Dtffaaa dnkxk; corosary 

b^iataataulr (coacxNnL 

37i 

d* 

87 

kaiotaj 

3 wwki 

0 

Dactaliar 11, 1937 

U 

18B 

13 

13 

SB 

L4 

DUan T ttanao*B tbiboaii vltb atn)p8y' acata 
fbolancttUa, aadtaa 

371 


00 

Aotoptr 

3 ntki 

0 

0 

Frinaiy 27, 193* 
ianbil9» 

4.4 

U 

30 

37B 

17 

74 

13 

34 

14 

17 

U 

CbrosU tlooboQa. AtropUolialBMcadbTboab, 
ififfota. AadtaB eboia^vdUB 

378 


U 

Oil 

Uopv 

Antopiy 


+ 

JkmT 1937 

u 

0 

74 

U 

14 

14 

HapatsmacBly (flabatafc 

377 

9 

40 

Not 

hvotficad 

1 

+ 

8a|>t«iibar34,ig37 

IB 

0 

OB 

17 

O 

L4 

DUiaa LalssM^ elnbod^ tariy Lon, 

371 

1 

9 

a 

Autopaj 

1 

Ink 


Ftlvwr 34,100 

4B 

isut 

04 1 

10 

11 

or 

Clinab aWobaSm, <fiffQaa alcobona okiioait; 

■adtaB 

37* 

d* 

33 

Cifiotony 

Not 

+ 

JaaavT 38, 107 

U 

tiBca 

8,8 

34 

13 

17 

Qssida alaobolWri. DUum cbdtoda. 

2S0 

9 

13 

laUrpiy 

Not 

jauKflad 

+ 

Juuiy 11,1937 

1.4 

tma 

OB 

U 

18 

04 

Coata lobolar Ueda. 

381 

d* 

84 

loiopi7 

Not 

Jumficad 

+ 

Juuir 14, 1938 

U 

10 

18 

14 

1 3B 

1 


HawabnnDaloalB Difloaa vitb 

; toaeckly’ 

333 

d" 

M 

Aotoptr 

Not 

koerwQ 

+ 

JimaS, 1937 

3J 

18 

74 

lU 

U 

13 

ebrofila alookoBsii. CtfloM LaisnaFi ebrboaU, 
ao atropAy 

3S3 

<f 

74 

Autopay 

Not 

+ 

UanbO, 1939 

34 

LB 

74 

44 

11 

13 

DtAioa I^laMa'a doboJA, niodantdy adrasaad. 

m 

d' 

47 

1 

kataptX 

1 

Not 

UawSoad 

t 

3tpUabtri0.1W 
Daoaobarll, 1917 

17 

3J 

10 

LO 

13 

11 

17 

U 

34 

34 

11 

Hooektwtatoaii. Hapatomcpily stacked dr' 

333 

9 

31 

IiT« 



OatobaeJ^ma 

Daewnbar 13, 1918 

34 

14 






384 

9 

i 

34 

biope 

Um 

tiopaf 

Not 

kaovn 

+ 

U 

U 

54 

14 

11 
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necropsy This result is contrary to our usual 
cxpencnce as indicated by the essentially normal 
values of the rcmainmg cases m Table VIB 

Table VIC comprises 22 cases of neoplasm with 
proven metastatic mvolvement of the liver, exclu- 
sive of ail subjects m whom the primary tumor 
originated from or by extension impmged upon 
the extrahcpatic bibary tract, Ebvduded also are 
all patients with bone metastases demonstrable by 
X ray or at necropsy with the exception of Case 
320 It 13 assumed that with these restnctions a 
distmct increase m serum phosphatase activity 
may be attributed to the presence of secondary 
metastases to the Uver 

The scrum phosphatase level was found to be 
vanable m this group ranging from 23 9 to 4 0 
Bodansky imits per 100 cc. The values m 17 


cases exceeded the maxunum we usually find 
m non metastasizing malignancy (Table VIB) 
There were 5 instances, however, with scrum 
phosphatase activity less than 5 Bodansl^ umts 
despite definite metastatic Involvement of the 
liver, and Case 320 presented both hepatic and 
skeletal (osteolytic) metastases without any sig 
nificant nsc m scrum phosphatase activity (an ex- 
ceptional occurrence in our cxpencnce) The pa- 
tients with Uttle or no elevation m scrum phos- 
phatase level were not ictenc, 

In general, the scrum phosphatase activity tends 
to be higher m patients with diffuse spread of 
large nodules throughout the hver Our highest 
values were m patients who showed jaundice, 
though some were only slightly ictenc (Cases 301 
302) , and m several instances the scrum phos- 
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TABLE VI 


Summary of a^ialyses of the blood tnfour proven cases of primary carctnoma of the liver, ten cases of malignancy without hver 
metastases, and twenty-two cases of malignancy with proven involvement of the liver 


Nirni 

ber 

Sex 

Age 

Primary tumor, baals for dlagD 05 i 3 

Serum 

Rcmarlu 

Ph09 

phataae 

BiU 

rublu 



>'car5j 


Bodaniky 
units per 
100 cc 

mem 
per 
100 1 
ce 1 



A primary carcinoma of the liver 


287 

1 

9 

1 

1 41 

Cholangioma (autopsy) 

25 8 

4 7 

AprU 20, 1938 

May 9, 1938 





33 1 

44 





29 7 

3 2 

June 1, 1938 

288 

& 

65 

Hepatoma, cirrhosis (liver biopsy) 

16 8 

40 

January 6, 1938 




27 4 

75 

January 24, 1938 

289 

& 

38 

Hepatoma, cirrhosis (liver biopsy) 

16 3 

30 

June 1. 1939 

290 

9 

57 

1 

Cholangioma (autopsy) ^ 

11 5 

25 

June 29, 1937 


B MALIGI^Al^CY WITHOUT LIVER METASTASES 


291 

292 

293 

294 

295 

296 

297 

298 

299 

300 



Carcinoma of prostate gland (autopsy) 
darcinoma of prostate gland (autopsy) 
Melanosarcoma (autopsy) 

Carcinoma of colon (autopsy) 
Carcinoma of stomach (autopsy) 
Carcinoma of lung (autopsy) 

Oat cell tumor of lung (autopsy) 
Lymphosarcoma (autopsy) 

Carcinoma of colon (autopsy) 
Lymphosarcoma (autopsy) 

444 

21 6 

7 8 
39 
74 
49 
45 
41 
39 
34 

3 2 

0 

0 

trace 

0 

0 

10 

0 

0 

0 

0 

0 

Extensive osteoplastic metastases to bone 
Extensive osteoplastic metastases to bone 

Brain metastases, focal necroses of liver 

Large local abscess formation 

Local metastases to nodes 

Metastases to lung, lymph nodes 

Metastases to brain, adrenals, etc 

Metastases to spleen, pelvis 

No metastases 

Metastases to lung, skin, spleen, etc 




C malignancy 

WITH LIVER METASTASES 

301 

9 

43 

Primary not known (liver biopsy) 


2 5 

Many liver metastases, jaundiced 1 year 

302 

& 

39 

Carcinoma of esophagus (autopsy) 


27 

Many liver metastases 

303 

S' 

32 

Reticulum cell sarcoma (autopsyl 
Carcinoma of colon (liver biopsy) 

20 7 

5 0 

Many liver metastases 

304 

9 

63 

19 8 

9 6 

Many liver metastases, jaundiced 1 month 

305 

9 

36 

Carcinoma of stomach (autopsy) 

18 8 

trace 

Many liver metastases 

306 

9 

82 

Carcinoma of tail of pancreas (autopsy) 
Primary not known (autopsy) 

18 3 

0 

Many liver metastases 

307 

S 

74 

13 1 

74 

Many hver metastases, duration of jaundice not 
known 

Many hver metastases 

308 

S 

47 

Primary not known (celiotomy) ’ 

12^ 

05 

309 

S 

60 

Carcinoma of bronchus (autopsy) 

10 4 

2 7 

Many hver metastases 

310 

S 

60 

Sarcoma ? of testis (autopsy) ' 

9 7 

trace 

Diffuse microscopic infiltration of hver, no gross 
nodules 

311 

9 

52 

Melanosarcoma (liver biopsy) 

90 

83 

Many hver metastases Duration of jaundice 
not known 

312 

o’ 

63 

Carcinoma of kidney (autopsv) 
(2arcmoma of prostate gland (autopsy)i 

85 

0 

Many hver metastases 

313 

o’ 

69 

84 

0 

Many hver metastases (Early bone invasion, 
osteolytic) 

Many liver metastases 

314 

9 

51 

Carcinoma of cervix (autopsy) 

75 

0 

315 

9 

40 

Krukenberg tumor (autopsy) 1 

1 

67 

trace 

Many liver metastases, extensive osteolytic 
bone metastases 


9 

35 

Carcinoma of rectum (liver biopsy) | 

65 

trace 

Many liver metastases 


S 

54 

Carcinoma of stomach (autopsy) ' 

63 

0 

Slight infiltration of hver 


S 

62 

Primary not known (liver biopsy) 

49 

trace 

Many hver metastases 


9 

63 

Carcinoma of colon (autopsy) 

44 

0 

, Many hver metastases 


S 

50 

Oat cell tumor of lung (autopsy) 

42 

! 0 

1 

Few hver metastases, extensive osteolytic bone 
infiltration 

321 

S 

56 

Hodgkm's sarcoma (autopsy) 

4 1 

1 ° 

Several liver metastases 

322 

S 

63 

Caranoma of colon (autopsy) 

40 

1 trace 

One nodule m hver 
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phatasc level was distinctly increased before jaun- 
dice developed (Cases 305, 306, 308) It has 
been our expenence that significantly increased 
scrum phosphatase activity occurs more consist 
ently m this group of patients than docs hyper- 
fa ihrubmcmia, Some of the most striking ex- 
amples of this arc not included m Table VI be- 
cause, though the diagnosis of malignancy with 
liver metastases was obvious chmcally permission 
for autopsy and proof of the diagnosis could not 
be obtamed 

6 Ltvcr abscess chrome passwe congositon of the 
Itvcr, miscellaneous disorders of the Iwtr, 
cases of gall bladder disease with m 
determinate effect upon the 
patency of the common 
bile duct 

Table VIIA mcludcs 9 cases of liver abscess 
of diverse etiology The diagnosis ivas estab- 


bshed by exploration or necropsy except in 2 pa- 
tients with amebic abscess m whom the diagnosis 
would seem beyond reasonable doubt on climcal 
and laboratory grounds The scrum phosphatase 
activity -was variable but defimtely increased m 
every instance ranging from 7 9 to 49 4 Bodansky 
units per 100 cc. The highest scrum phosphatase 
levels occurred m jaundiced patients 
Table VIIB mcludes 10 pabents with marked 
chronic passive congestion of the liver m decom- 
pensated cardiacs of long standing who at ne- 
cropsy were found to have httle or no “ cardiac * 
arrhosis Congestive failure may cause some in 
crease in serum phosphatase activity particularly 
in patients who develop chmcally demonstrable 
jaundice, 2 such patients in our senes (Cases 332 
and 333) reaching levels of 8 6 Bodansky umts 
per 100 cc. In 4 instances the values were withm 
normal limits despite the presence of marked con 
gestive hepatomegaly 


TABLE vu 


Summary o/ analyses of tfu blood la nine cases of Itver abscess ten cases of ckrontc passae contestum of the Iner etiJU cases 
id miscellaneous disorders of the Itoer ana nine cases of laU bladder disease wUh tndeiermtnaie effect upon the 
patency of /Aa common bde duct 


Number 




Date 

Serum 

Remarks 

Pho*- 

pbitatt 

BOl 

robin 

■ 

1 

years 



Bodensky 
units Per 

too «. 

mem 

ptr 100 
u. 



A. uvxa AUcxM 


323 


59 

Ruptured viscoj? Copmatloo) 

May 29 1939 

421 ' 

42) 

Sub- and Intrabspatlc abscess at hltam Jaun 






diced ooe week. 

324 

d’ 

21 

HDUtt tubcTCulesU (autopsy) 

July 26. 1938 

16j6 

4,7 

DUaeminated tubercular abscesses ol Heer 




Atixast9 1938 

18B 

114 

Jaundiced one week 

325 

9 

27 

Sepsis (autopsy) 

September 22 1937 

15J1 

72) 

Larse bllar abscess obstroctlni main hepatic 
ducts. Jaundiced two years, IntcnnlUenlly 




Ntmmber 16, 1937 

49 4 

34 





Dec«nibcr9 1937 

39,6 








344 

22) 


32S 

9 

52 

Poat-oftersUre ln/ectk» Copera 
tloo) 

ToUrcmla ? (autopsy) 

Norember 23 1938 

14B 

0 

Multiple Hrer abscesses. 

327 

9 

20 

October 13 1937 

13 4 

trace 

Multiple intra and cubbepatlc abscesses. 




October 22, 1937 


0 


328 

d* 

52 

MnlUpla Htvt abscesses (imera 

January 10 1938 
bectmbw 11, 1937 


39 

32) 

Following empyema of fall bladder 




tion) 

December 28, 1937 


32) 

Amebic cysts In stool fever etc. 

329 

d* 

70 ! 

AmsUc abscess (cihrfcal) 

Norembar 1 1937 

BEI 

2 1 





January 19 1939 
May 17 1939 


0 

Recurrence, 

330 

d" 

26 , 

Amebic absceaa (opermtloQ) 
Amebic abscess (dnolcal) 


22) 

Recurreoce. 

331 


44 ' 

January 28, 1938 

1 1 

0 

Amebae La stool] (cTer etc. 


B 


332 

d* 

52 


333 

9 

53 


334 

d* 

49 


335 

? 

48 

1 > * f j 

336 

9 

16 


137 

e 

37 

Rbeuroatlc pexicardltla 

338 


15 



339 


33 


340 

S' 

41 


341 

if 

60 

Arteriolar ackrosis 


CBJUlKtC rACVTV COKCXSTtOM CH TUX UTU 
(Aotopay dti>nt»ei In tmr huUnce) 


lurch Z! 19 ja 
Unuiiy 19 1937 
Febmaiy 3, 1933 
NortanUril 19iS 
lurch 10 1937 
Jeautsy 22, 1934 
April 22, 1937 
October 21, 1938 
October 24, 1937 
Noronber 14 1938 
Decenber 11, 1937 


84 

14 

84 

24 

84 

24 

6,1 

trace 

82) 

34 

7 1 

0 

es 

24 

39 

84 

34 

0 

24 

0 

24 

14 


Tenolnal FricdlwtMkr pne nm oo t a. 
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TABLE 'm.— -Continued 



342 

9 

75 

Stone in common duct (opera- 
tion) , 

Stone in common dnev (opera ' 
tion) 

Pneumonia, tepticemia 
(autopsy) 

Pueumoma (clinical) 

June 18 1938 

— 

2j0 

lyocalized Paget a dUcaae pelvis 

34S 


64 

1 

Maith 5 4935 

mm 

I 

Localized Paget a disease pelvis 

344 

o' 

48 

January 6 1937 

mm 

9J) 

CompUcated by Jaundice* 

345 

c? 

26 

March 26 1937 

17 

23 

CompUcated by Jaundice* 




April 2 1937 

SX) 

23 





April 13 1937 

4i) 

0 


346 

d' 

70 

Pneumonia empyema, uremia 

J^uary 18 1937 


69 

Complicated by jaundice 




(autopsy) 

February 8 1937 


13 





February 10 1937 


13 


347 

9 

58 

Tubeinilo»U of liver (Uver 
biopsy) 

Hodgkin a disease (autopsy) 

January 18 1939 


23 

Extensive Inhitration 

348 

d 

35 

June 9 1936 


93 

Extensive Infiltration of portal areas 

349 

9 

28 

Echinococcus cyit of Uver 

September 6 1938 


trace 

Left lobe of Uver Involve 




(operation) 

March 17 1939 

HU 

trace 



D CHROmC CALL BLADDKU DISSASS 


350 

1 

9 

1 

54 

1 

CholeUthiaais (operation) 

351 

9 

63 

CholeUthiasis (operation) 

352 

9 

50 

CholeUthiaais (operation) 

353 

1 

9 

40 

Cholelithiasis (operation) 

354 

9 

19 

CholcUthiaslf (oi)cration) 

355 

9 

61 

CholeUthiasU (operation) 

356 

d 

56 

Cholelithiasis (operation) 

357 

9 

59 

Cholelithiasis (operation) 

358 

d 

1 

30 

1 

i 

Cholelithiasis (operation) 


I 

October 30 1937 ^ 

19 6 

150 

November 13 1937 


90 

November 22 1937 

7.5 

29 

May 25 1937 

180 

60 

May 29 1937 


lO 

March 6 1938 

119 

60 

March 8 1938 

87 


September 29 1938 

73 

wm 

October 2 1936 


^^9 

October S 1936 



March 13 1936 

36 


March 20 1939 

4 4 


May 26 1939 

3 6 

0 

March? 1939 

63 

63 

March 13 1939 

5 7 

11*5 

March 20 1939 

23 

170 

March 29 1939 

73 

63 

April 10 1939 

54 

27 


Operation December T 1937 no ttose In coat' 
mon duct 

Operation June 8 1937 no itone In common 
duct 

Operation March 14 1938 no stone tn common 
duct* 

Operation October 4 1938 no stone in common 
duct 

Ox>eratlon October 14 1936 no stone in com 
mon duct 

Operation March 16 1936 no stone in common 
duct 

Operation March 25, 1938 no stone in common 
duct 

Operation June 6 1939 no stone in common 
duct 

Operation March 16 1939 no stone in common 
duct, spasm of sphincter of Oddi? 


Eight patients with miscellaneous types of he- 
patic disease are included m Table VIIC Cases 
342 and 343 illustrate difficulties in the application 
of the serum phosphatase detennination to the 
differential diagnosis of jaundice in patients with 
bone disease In both instances a marked in- 
crease in serum phosphatase activity, with sbght 
jaundice, was noted but was not mterpretable be- 
cause Paget's disease was present (localized le- 
sions not apparent clinically but disclosed ina- 
dentally by x-rays) These patients subsequently 
proved to have stone m the common duct In a 
previously recorded instance (Case 116) confus- 
ingly high serum phosphatase values due to chn- 
ically unrecognizable Paget’s disease were ob- 
tamed in a case of hepatitis 

Jaundice developing m patients with pneumonia 
(“toxic" or “ mfecuve" jaundice) usually is as- 


sociated with comparatively httle mcrease in se- 
rum phosphatase activity, as shown m Cases 344 
and 345 In Case 346, whose course was comph- 
cated by empyema, there was a terminal rise m 
the serum phosphatase activity to 22 4 Bodansky 
units per 100 cc , a level we have not encountered 
otherwise m this type of case There was no 
adequate explanation for this mcrease at autopsy, 
which disclosed only focal necroses of the liver 
Case 347, with serum phosphatase of 144 Bo- 
dansky umts, was found to have tubercles ex- 
tensively involving the hver Case 348 had 
Hodgkin's disease of the liver, confined to the 
portal areas Case 349 is of interest because a 
very large echinococcus cyst was present but did 
not effect a significant rise in serum phosphatase 
activity The cyst mvolved the left lobe of the 
hver, which may have some bearing on the result 























SEBUM PHOSPHATASE IN LIVER DISEASE 


143 


Table VIID comprises 9 cases of gall bladder 
disease with jaundice, a large and important clini- 
cal group but one which presents many difficulties 
in classification Several mvcshgators in this 
field have regarded all such cases as jaundice due 
to obstruction of the common bile duct, irrespec- 
tive of whether or not operation disclosed a stone 
m the common duct, apparently on the assump- 
tion that mechanical obstruction or sphincter 
spasm are the sole causes of jaundice under these 
arcumstanccs So far as evaluation of the scrum 
phosphatase dcterminabon is concerned, we have 
preferred to classify as obstructive jaundice only 
those cases of biliary tract disease in which mc- 
chamcal obstruction of the common bile duct 
could be demonstrated at operation or autopsy 
Patients m whom no such obstruction was found 
have been regarded for the present purpose as un 
classifiable and were omitted from our statistical 
senes In some of our patients in this category 
(Cases 350, 351 and 352) scrum phosphatase 
values over 10 Bodansky units were associated 
with defimte hyperbilirubmemia and typical bili- 
ary colic suggestmg stone m the common bile 
duct, there was spontaneous cessation of pain 
and rapid subsidence of jaundice, and operation 
about 1 week thereafter disclosed cholelithiasis 
but no stone in or dilatation of the common duct, 
This sequence of events is consistent with spon 
taneous passage of a stone m the common duct 
but proof IS wanting In other instances (Cases 
353 and 354) the climcal course and the operative 
findings were the same defimte jaundice was pres 
ent but the scrum phosphatase level showed little 
or no mercase. It la impossible to say whether 
a stone occluded the common duct at the time the 
pabent was icteric and the serum phosphatase 
failed to nsc to its usual level, or whether the 
jaundice was caused by transitory infection of 
the biliary traxrt or hepabbs. Even more difficult 
of mterpretabon arc instances m which the first 
scrum phosphatase detcrrainabon was made after 
jaundice had subsided spontaneously (Case 355) 
condibons under which the method is wthout 
value* Cases 356 and 357 illustrate essentially 
normal serum phosphatase values charactcnsUc of 
chronic gall bladder disease uncompbeated by 
jaundice 

Another source of error inherent m our classi 
fication of obstruction of the extrahepabe biliary 


tract on the basis of mechamcal occlusion hes m 
the possible inadvertent exclusion of obstruebon 
due to spasm of the sphincter of Oddi In those 
instances in which this mechanism was suggested 
at operabon as the cause of icterus, it was not 
possible to obtain convmang objecbve proof of 
the causal rclabon of spasm to jaundice. For 
example Case 358 was found to have cholc- 
cysbtis and cholehthiasis but no stone m or dila- 
tabon of the common bile duct at operabon (at 
which fame the scrum bihrubm was markedly ele- 
vated but the scrum phosphatase acbvity insig 
nificantly increased) Cholangiograms showed 
some narrowng of the distal end of the common 
duct, without delay m emptying Liver biopsy 
was vanoualy mterpreted as hepabbs or essen- 
bally normal Uver but was not thought to suggest 
obstrucbve jaundice Manometer readings of 
bile duct pressure after mjeebon of salme into 
the drainage tube gave equivocal results. The 
jaundice increased after operabon, then slowly 
subsided 

ANALYSIS AND DISCUSSION OF TOTAL SERIES OF 
OBSERVATIONS 1933 TO 1939 

1 Distributwn of sentm phosphaiiise values in 
major diseases of the Iwer and biliary tract 

Perhaps the dearest summary of our results is 
afforded by an analysis of their distribubon m 
certain common disorders of the Uver and bibary 
tract The total number of such cases available 
for analysis is 308 the several catcgoncs of dis- 
sease considered and their respeebve representa- 
bon being indicated m Table VIII For reasons 
stated elsewhere observabons m children arc cx 
dude<L Only the mibal values obtained m each 
pabent were employed for purposes of analysis 
but an exception was made in Case 246 for rca 
sons evident in the text Pabents with biliary 
arrhosis (mduding Case 73 (1)) arc classified 
according to the type of biliary tract obstruebon 
and do not appear m the arrhosis group 

Of a total of 34 pabents with jaundice due to 
stone obstructing the common bile duct 5 or 
roughly 15 per cent had scrum phosphatase levels 
less than 10 Bodansky imits per 100 cc. as did 

2 or roughly 5 per cent of 45 patients with non 

calculous common bile duct obstruebon (chiefly 
caranotna of the head of the pancreas) ^ 4 
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TABLE VIU 

Dislnbution oj serum phosphatase values in major disorders 
of the liver and biliary tract, analysis of results in 
308 adults {initial values only) 


Diatribution of coaes by phosphaUac values 






Zone of 




Total 

Zone 


indeter 



Dufinosu 

num 

ber 

of 

of 

nor- 

mal 


minste 

(fiagoDs* 




cases 

vahica 


signifi- 







cance 




i 

<4.0 

4a-9 0^ 

01-12.0 

12.1-25 0 

>25 0 







Bodanik]/ 
vjiiti ptr 







100 cc. 

Stone in common tile duct 
Noa-CBloalouB obstruction 

34 

0 

5 

5 

21 

3 

of common bUe duct 

45 

0 

1 

5 

25 

14 

Catorrhel jaundice 
Jaundice hepetotoxm 

69 

8 

48 

8 

4 

1 

dniCT 

Hemolytio jauntfice 1 

38 

13 ' 

2 

13 

18 ’ 
0 ' 

4 

0 1 

13 

0 

1 

0 

Hepatic cirrhosis (non- 1 

1 





bihary) 1 

Neoplastic Involvement of , 

44 1 

14 

20 1 

5 

4 

1 

Uver 

47 

4 

18 ' 

5 ^ 

18 

2 

Liver abscess 

Chronic pusaive congestion i 

10 

0 

2 1 

1 

3 

3 

3 

of liver 

8 

3 

5 > 

0 

0 

0 


enng the 79 cases of proven obstructive jaundice 
as a whole, about 10 per cent failed to show 
phosphatase levels over 10 Bodansky units per 
100 cc serum Of a total of 107 cases classified 
as '' hepatitis,” 82 or roughly 75 per cent had 
serum phosphatase levels less than 10 Bodansky 
umts per 100 cc If, as we have proposed, pa- 
tients with jaundice following exposure to hepato- 
toxic agents be excluded from the heterogeneous 
hepatibs ” group, then 62 of the 69 remaining 
cases (90 per cent) had serum phosphatase levels 
less than 10 Bodansky units per 100 cc 
There would seem to be little point in further 
pursuing the analysis along these lines because, 
m practice, many values that are slightly above 
or below 10 Bodansky units are of indeterminate 
diagnostic significance This difficulty is recog- 
nized in the distribution of values as summarized 
in Table VIII, which gives a more representative 
picture of the apphcabihty of the serum phos- 
phatase determmation m our hands It will be 
noted that 6 of 79 patients ^vlth proven common 
duct obstruction had serum phosphatase levels not 
exceeding 9 0 Bodansky units per 100 cc , 5 be- 
ing instances of choledocholithiasis with incom- 
plete or intermittent occlusion The values m 10 
patients of this group further fell into the inde- 
termmate zone of 9 1 to 12 0 Bodansky units 


Sixty-three or 80 per cent of the total number of 
cases with jaundice due to gross common duct 
obstruction showed serum phosphatase values 
over 12 0 Bodansky units per 100 cc Values 
over 25 Bodansky umts were obtained usually but 
not invariably in patients with complete and pro- 
tracted obstruction of the common bile duct due 
to neoplasm 

In “ catarrhal ” jaundice, on the other hand, 56 
of 69 cases (about 80 per cent) had serum phos- 
phatase levels less than 9 0 Bodansky umts per 
100 cc, 8 were at indetermmate levels and 5 
(about 7 per cent) exceeded 120 Bodansky umts 
When the relation of serum phosphatase to serum 
bilirubin levels m these two major types of jaun- 
dice IS taken into consideration, the differences 
between them become even more stnking 
Those patients with obstructive jaundice who 
showed little increase in serum phosphatase ac- 
tivity had relatively shght hyperbilirubinemia, as 
obstruction was incomplete, whereas even marked 
jaimdice of hepatogenous ongin was assoaated 
for the most part with comparatively little eleva- 
tion in serum phosphatase activity 

The distribution of serum phosphatase values m 
hemolytic jaundice and in chrome passive con- 
gestion of the liver is limited to the normal range 
or slightly above, as already indicated In pa- 
tients with liver abscess the values are preponder- 
antly m the range of obstructive jaundice or fall 
within the zone of indeterminate significance 
Thirty-four of 44 cases (about 75 per cent) of 
cirrhosis other than biliary arrhosis had serum 
phosphatase levels less than 9 0 Bodansky units 
per 100 cc, and 5 fell within the indeterminate 
zone 

The distnbution of serum phosphatase values 
m two categories of liver disease deserves speaal 
comment because a double peak in the inadence 
curve appears, one within the ** hepatitis ” zone, 
the other in the zone of obstructive jaundice 
These are the group with jaundice due to hepato- 
toxic drugs and the series comprising patients 
with neoplastic involvement of the liver In the 
former, as already mdicated, there is some evi- 
dence that two distinct types of jaundice may be 
present In the latter group, the spread m serum 
phosphatase values appears to relate to the number 
and distnbution of metastases in the liver 
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2 CUmcal usefulness and hmiiatwns of the deitr- 
mutaiton of serum phosphatase activity 
as applied to diseases of the Itver 
and btltary tract 

A Evaluation of the method as a suppUineu 
iary aid to the clinical differoniiafwn of the several 
types of jaundice The chief usefulness of the 
determination of serum phosphatase activity de- 
nves we believe, from the consistency with which 
distmctly increased values accompany obstruction 
of the cxtrahepatic biliary tract We have found 
It helpful to recognize that jaundice in patients 
with scrum phosphatase levels less than 10 Bo- 
dansky units per 100 cc. is probably not due to 
gross obstruction of the common bile duct. 
When exploration 'was contemplated in such pa 
Uents, It proved good policy to observe die patient 
further until additional clmical and laboratory 
data could be obtained. 

While the absence of significantly increased 
serum phosphatase acti'vity m ictcnc patients is 
■valid evidence against obstruction of the common 
bile duct m our experience, it docs not follow that 
a serum phosphatase value greater than 10 Bo- 
dansky units accompanying jaundice automatically 
marks the patient for explorabon The finding 
of a serum phosphatase level exceeding 10 Bo- 
dansky umts per 100 cc, m icteric patients, to be 
sure, IS consistent with the chmeal diagnosis of 
obstructive jaundice. But in addition to obstruc- 
tion of the extrahepatic biliary tract warranting 
stugical mtervcntion, marked elevations m serum 
phosphatase activity also occur frequently m 
arsphenamme jaundice and tvith liver mctastascs 
occasionally m hepatitis and other hver diseases 
requirmg conservative management and m a 
'variety of skeletal disorders It was sometimes 
but not alivays possible for us to exclude these 
further possibihties by careful history taking and 
appropriate rocntgenographic and clmical studies 

To mdicate what seems to us to be a particular 
advantage of the serum phosphatase determina- 
tion m the differential diagnosis of jaundice rc- 
qmres a consideration of certain difficulties m 
herent m the clmical appheabon of any physio- 
logical aid to the diagnosis of hver disease. As 
pointed out by several mvestigators (8 9) the 
simple but arbitrary division of clinical jaundice 
into three discrete categones obstructive hepato- 


genous and hemolytic, however convenient ebn- 
ically, does not adequately define the mechanisms 
actually operating m many patients. The initial 
or predoimnant cause of jaundice may fall mto 
one or another of these distmct categones but 
senous disturbance of one mechanism soon m 
volves others and this complexity is reflected m 
equivocal or confusing results with the test em- 
ployed The disadvantage of most liver function 
tests used m the differential diagnosis of jaundice 
bes m the circumstance that they provide only 
negati've evidence for obstruction that is, median 
ical obstruction of the common bde duct is sug- 
gested by the absence of atty significant alteration 
m a given function of the hver in patients wth 
jaundice. While this often sufiSces if significant 
liver parenchymal mjury compheates obstruebon 
(as with cholangeibs or biliary cirrhosis devdop- 
mg m protracted obstruebve jaundice) then the 
ncgabvc effect of obstruebon may be superseded 
by the posibve effects of secondary inflammatory 
or degenerabve changes Under these arcum- 
stances, liver funebon tests not mfrequently give 
cqmvocal or confusing results and the possibHity 
of error is not mmimued by a mulbpbcity of such 
tests all having much the same Iimitabon 
It would seem desirable rather to complement 
the hver funebon tests with some posibve meas- 
ure of biliary tract obstruebon Wc find the 
detenrunabon of serum phosphatase acbvity satis- 
factory for this purpose since inflammatory or 
arrhobc changes secondary to common bile duct 
obstruebon do not ordmanly significantly lower 
the phosphatase level of the serum Other posi 
bvc mdices of biliary tract obstruebon such as 
the total cholesterol content of the serum have 
proved less consistently helpful m our hands 
(Table I) particularly m the clinically important 
group of pabents with incomplete mechanical ob- 
struebon of the common bile duct. The range 
of vanabon m the scrum cholesterol content of 
different normal subjects moreover is extremely 
broad so that mterpretabon of values m any one 
case of jaundice may be difficult , whereas we find 
the range of vanabon in serum phosphatase ac 
b-vity in the normal adult rtlabvely narrow and 
the many-fold mcreasc encountered m obstruebve 
jaundice faahtates mterpretabon of results 
There arc further minor advantages that rec- 
ommend the serum phosphatase dcterrmnabon for 
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test purposes m jaundiced patients it does not 
require the administration of substances that may 
or may not be innocuous to the disordered liver, 
and it is not significantly affected by renal disease, 
in our expenence 

As to the disadvantages of the method, there 
are several that hmit its apphcabihty in the differ- 
entiation of the several types of jaundice The 
foremost of these is overlapping of serum phos- 
phatase values m the obstructive and hepatogenous 
groups of jaundiced patients The degree of 
overlapping noted by different investigators has 
vaned extraordmanly, some finding it so large as 
to disquahfy the method for differential diagnosis 
(3b, 3f), others finding the overlapping of values 
suffiaent to limit but not mvahdate the usefulness 
of the determination (3c, 3h) There is general 
though not imanimous agreement, however, re- 
gardmg the relative consistency of distinctly m- 
creased serum phosphatase levels m jaundice due 
to obstruction of the common bde duct As sug- 
gested elsewhere (1), these discrepanaes m ex- 
penence may be ascnbable, m part, to vanations 
m techmque of the serum phosphatase determina- 
tion, m the classification of clinical matenal, or in 
the adequacy of evidence adduced for the classi- 
fication of cases 

The differentiation of obstructive from hepato- 
genous jaundice is further confused by over- 
lapping of serum phosphatase values obtained in 
other diseases of the liver and biliary tract, as 
shown m our tables Consequently, we feel that 
the chief usefulness of the determination in the 
differential diagnosis of jaundice is m excluding, 
wth high probability, obstruction of the common 
bile duct as a cause of jaundice in patients show- 
mg no marked increase m serum phosphatase 
activity 

Another difficulty with the serum phosphatase 
determination as apphed to the differential diag- 
nosis of jaundice lies m its lack of specifiaty As 
is well Imown (10, 11, 12, 13), the phosphatase 
activity of the serum is mcreased m a variety of 
skeletal disorders, notably Paget’s disease, nckets, 
carcmoma wth bone metastases, particularly of the 
osteoplastic type, hyperparathyroidism and osteo- 
gemc sarcoma. The serum phosphatase level 
cannot be apphed to the diagnosis of disease of 
the hver or bihary tract m patients presenting any 
of these bone conditions Ordinarily, appreaa- 


tion of this limitation avoids confusion because the 
skeletal disorder is readily recognizable But 
errors occur occasionally when localized Paget’s 
disease or metastatic bone involvement, discover- 
able only by appropriate x-rays, is overlooked 
Apart from these skeletal disorders, no other con- 
ditions significantly affect the serum phosphatase 
level consistently enough to interfere senously 
with the use of the method m jaundice, so far as 
we could discover If skeletal disease can be 
ruled out, it has been our expenence that patients 
with defimtely elevated serum phosphatase level, 
whether jaundiced or not, generally prove to have 
one or another type of hver disease 

Further difficulties with the serum phosphatase 
determination are encountered when it is apphed 
to the differential diagnosis of jaundice m chil- 
dren The method appears to be of no value in 
an important problem of this kmd m mfants the 
differentiation of congemtal atresia of the bile 
ducts from '‘physiological jaundice” Through- 
out the period of skeletal growth, the range of 
normal vanation m serum phosphatase activity is 
so broad and ill-defined (roughly 4 to 12 or more 
Bodansky umts per 100 cc ), that the values ob- 
tamed in hepatitis in children are confusingly high 
(3a, 3g) Although our expenence with this age 
penod has been limited, we feel that for the 
present the method is not applicable to growing 
children 

Finally, as already indicated, we find the serum 
phosphatase determination of httle value m the 
diagnosis of La&mec’s arrhosis and of largely 
academic mterest in hemolytic jaundice 

B The detenmnaiion of serum phosphatase ac- 
tivity as an aid tn the diagnosis of complications 
following surgery of the biliary tract In all, 24 
patients with obstructive jaimdice were studied 
both before and after attempted relief of common 
duct obstructfon by surgical measures Because 
of the complexities mvolved, our data are too in- 
complete for any but the most general mferences, 
and m 3 patients are wholly inadequate for 
analysis 

Decompression by estabhshment of external or 
internal bihary fistulae m obstructive jaundice, if 
successful m effecting adequate drainage and if 
not comphcated by mfection, resulted in a roughly 
parallel fall in both serum bilirubin and phospha- 
tase levels (Cases 5, 11, IS, 21, 23, 125, 128, 151, 
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155) The post-operative course under these dr- 
cumstanccs was usually uneventful When ex- 
ploration disdoscd that obstruction of the common 
bile duct was due to carcinoma so extensive as to 
discourage any attempt at drainage, or when an 
unsuccessful attempt at drainage was made, both 
serum bihrubm and phosphatase showed a paralld 
tendency to remain elevated or to nsc further 
(Cases 2, 22, 168) 

In many patients both serum bihrubm and 
scrum phosphatase levels fell followmg establish 
ment of biliary drainage but a secondary nse m 
serum phosphatase activity \vas noted, not neccs 
sanly assoaated with a comparable nse m scrum 
biUrubuL Mcranzc, Meranze and Rothman (3h) 
called attention to this phenomenon and pointed 
out that It occurred usually when convalescence 
was stormy an observation that comades in gen 
eral with our expcncnce. The significance of this 
secondary nse in scrum phosphatase activity ap- 
pears to depend largely upon the nature of the 
obstruction and the type of operation performed 
In patients with stone in the common duct the 
pnnapal cause was mfection such as subphrcnic 
abscess mvolving the hilum of the hver (Case 
133) or cholangcitis (Case 138) In patients 
with caremomatous obstruction of the common 
duct, a late recurrence of serum phosphatase ac- 
tivity after establishment of mtemal bihary fis- 
tulac was associated with cholangeifas leading to 
closure of the stoma and to mulbple hver ab- 
scesses (Case 10) with the development of hver 
metastases (Case 162) or with cholangeifas and 
hver metastases (Case 21) The assoaation of 
mertjased scrum phosphatase activity with com 
plications attending the development of protracted 
biliary fistulae after cholecystectomy has already 
been illustrated by three case summanes 

Although our data are mcomplete, there would 
appear to be a general correlation between the 
post-operative scrum phosphatase level and the 
success of surgical procedures m the establish 
ment of adequate bihary drainage. In this sense 
serum phosphatase determinations may aid m the 
anticipation of certain post-operative comphea 
tions, particularly in the development of cho- 
langcitis or of liver metastases (the serum bill 
rubin level bemg an uncertam guide) Liraita 
tions m the use of the determination for this 
purpose are illustrated by instances m which con- 


valescence was without senous madent yet the 
fall m serum phosphatase was either very slow 
(Case 17) or was interrupted by a shght nse 
without apparent cause (Case 126) One pa 
tient (Case 139) who developed pentomtis post 
operatively, showed a fall in serum phosphatase 
activity associated "with a distinct nse m serum 
bihrubm Necropsy disclosed extensive hver 
necrosis suggesting * toxic ' hepatitis 

C Serum phosphatase detenmnatwn as a 
means of early detection of metastases tn malig- 
nancy The hver is a site of predilection for 
distant metastases m many types of tumor but 
because of difficulties m the early detection of 
liver metastases by any means short of explora 
fa on, the recognition of metastatic hver mvolve- 
ment is frequently delayed until palpable nodules 
become obvious Jaundice as is well known, is a 
late and mconstant mamfcstation of metastatic 
malignancy It has been our experience that 
usually before there is any demonstrable hver 
enlargement, the scrum phosphatase activity of 
patients with Uver metastases often shows a dis 
tmet nsc (14, 12 1) On a number of occasions, 
the mcrcascd serum phosphatase level was the 
only objective evidence we could obtain of the 
presence of metastatic liver involvement demon- 
strated by exploration or necropsy shortly there 
after However, the absence of a significant nsc 
m the scrum phosphatase level does not exclude 
the possibihty of metastatic hver mvolvcmcnt 
since some patients with essentially normal serum 
phosphatase levels nevertheless proved to have 
liver metastases (1 12 13 15) usually a few 
miall nodules but sometimes more extensive m- 
vasion Apparently, chance vanafaons m the dis 
tnbufaon and size of metastases affect the reli 
ability of the method particularly when few nod- 
ules arc present, and limit the usefulness of the 
serum phosphatase determination for this purpose. 
Moreover, if jaundice is absent it is necessary to 
exclude mctastafac mvolvcmcnt of the skeleton 
(usually but not always possible by x ray) before 
concluding that mcrcascd serum phosphatase ac- 
tivity IS due to liver metastases though it is often 
immatenal as when ablation of a pnmary tumor 
13 contemplated whether secondanes involve hver 
or skeleton, so long as they can be detected early 
It is our impression that, as emphasized by 
Meranze, Meranze and Rothman (15), vahd early 
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evidence for metastases may be afforded by the 
finding of a definitely elevated serum phosphatase 
level m patients known to have malignancy This 
obviously does not apply if other causes of in- 
creased serum phosphatase activity (Pagefs dis- 
ease, etc ) are present or if the primary tumor 
Itself may be responsible for such an mcrease 
(osteogenic sarcoma, primary tumors obstructmg 
the biliary tract) It should be kept m mmd that 
the serum phosphatase level is not affected by 
metastases to such organs as lungs and may not 
be significantly affected by either hver or bone 
metastases (particularly of the osteolytic type) or 
both (see Case 320) 

3 Mechanisms regulating the behavior of the 
serum phosphatase level tn disease of 
the hver and bibary tract 

According to the prevaiUng concept (10), ''al- 
kaline serum phosphatase ® onginates for tlie 
most part m bone-producmg cells (an assumption 
based chiefly upon the high phosphatase activity 
of bone) and, after escaping into the arculating 
fluids, IS excreted m the bile (an assumption 
based upon the high phosphatase activity of the 
bile) Cbmcal experience, on the whole, is m 
good agreement with this theory Serum phos- 
phatase determinations in a wide variety of dis- 
eases have shown, empincally, that appreaable 
elevations m serum phosphatase activity are ob- 
served consistently in only two general pathologi- 
cal states (1) diseases of the skeletal system m 
which there is active, widespread formation of 
bone or cartilage (11, 12, 13, 17) , (2) diseases of 
the hver and biliaiy system in which there is ob- 
vious or presumptive impingement upon the ex- 
cretory channels (biliary tract), whether extra- 
or mtrahepatic That skeletal disorders charac- 
terized by mcreased osteogenesis cause elevated 
serum phosphatase levels is understandable, on 
the basis of the expenmental evidence for the 
osseous origin of "alkaline" phosphatase, as due 
to mcreased formation of the enzyme That 
hepatic disorders of the obstructive type cause 
mcreased serum phosphatase activity would be 
anbapated as a result of retention of the enzyme 

3 For the sake of simplicity we have referred to the 
serum phosphatases as ** phosphatase," In reality, at 
least one " alkalme " and at least one " acid ’* phosphatase 
system is present m serum. 


due to blocking of its excretory channel, the bili- 
ary tract The prevailing concept therefore af- 
fords an explanation for the occurrence of a 
common phenomenon (increased serum phospha- 
tase activity) in diseases that are otherwise ex- 
tremely heterogeneous m character 

There is a diversity of opimon regarding tlie 
validity of tlie “ retention " theoiy as applied to 
the mcreased serum phosphatase activity observed 
m some hepatic disorders It is wholly probable 
that even if blocking of the excretory biliary 
channels results in retention of phosphatase in 
the serum, other factors also affect the serum 
phosphatase level m obstructive jaundice It is 
difficult otherwise to explain the wide range m 
serum phosphatase activity m different patients 
each havmg complete and protracted obstruction 
of the common bile duct (from 113 1 to 9 6 Bo- 
dansky umts per 100 cc m our cases of carcinoma 
of the head of the pancreas) Evidently, the 
level of serum phosphatase at which eqmhbnum 
IS re-established m the blood followmg common 
duct obstruction does not depend solely upon the 
degree of obstruction It would seem likely that 
the rate of phosphatase formation and the ade- 
quacy of other methods of disposing of serum 
phosphatase (by mechamsms as yet unknown) 
play a role here That these other factors are 
operative does not imply, however, that the " re- 
tention " theory is mvalid 

Several alternative explanations have been of- 
fered in lieu of the " retention " theory Thann- 
hauser and his associates have interpreted their 
climcal and expenmental studies (18, 19) to sig- 
nify that the increased serum phosphatase ac- 
tivity observed m sundry diseases, including ob- 
structive jaundice, is due not to increased con- 
centration of the enz)rme in the blood but rather to 
the effect of an activator on the exizymt This 
hypothesis is based upon their observation that 
ascorbic aad activates serum phosphatase (20), a 
phenomenon subsequent studies (21, 22) proved 
to be an artefact The activity of "alkaline" 
phosphatase is slightly inhibited by bile salts (23) 
Another explanation for the behavior of the 
serum phosphatase level in diseases of the liver 
and biliaiy tract lies m the possible hepatogenous 
ongin of at least part of the "alkalme" phos- 
phatase content of serum Bodansky has shown 
(24) that nutritional factors may influence the 
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‘ alkaline ' phosphatase activity of the serum and 
lias raised the question of extra-osseous sources of 
the enzyme (25) Liver tissue is kno\vn to con- 
tain appreciable amounts of both “ alkalme ” and 
*aad * phosphatases It is possible that the be- 
havior of the serum phosphatase in hepatic dis 
case is due not to retention of a phosphatase of 
osseous ongm but to varying effects of hepatic 
disease upon the elaboration and secretion of 
phosphatase by the hver parenchyma Much of 
the evidence now available both experimental and 
chmcal, is mterpretable cither way Current dis 
cussion along these hnes is remmiscent of the 
controversy which prevailed regardmg the hepatic 
vs. extra hepatic origin of the bile pigments until 
incontrovertible proof of their chiefly extra- 
hepatic ongm ivas obtained (26) 

No such definitive evidence is now available 
one way or tlie other, concemmg the validity of 
the " retention theory of the behavior of scrum 
phosphatase levels m disease of the fiver and 
biliary tract Such evidence must be obtained by 
proper experiment But so far as climcal obser- 
vations go tlie distribution of our data on adults 
(Table VIII) is consistent, on the whole with the 
“ retenbon ** theory Gross obstruefaon of the 
common bile duct quite regularly results in 
markedly increased serum phosphatase achvity, 
the excepbons occurring chiefly ivith incomplete 
or intermittent obstruebon Interposibon of 
masses m the fiver substance (tumor nodules 
fiver abscess etc.) that might block off major m- 
trahepabc biliary passages likewise leads to ele- 
vated serum phosphatase values Hepatogenous 
or “ catarrhal jaundice usually causes relabvcly 
fittle mcreasc m serum phosphatase activity as 
compared with the degree of hyperbilirubmemia 
not more than might well be due to varying intra- 
hepabe obstruebon of the finer biliary radicles 
Hemolybe jaundice docs not ordinanly affect the 
scrum phosphatase level The varying scrum 
phosphatase levels observed in jaundice due to 
hepatotoxic drugs accord with other entena m 
pabents with high levels and are all indicabve of 
the possibility of mtrahepabc biliary obstruebon 
Fibrosis of the portal areas (or about the central 
veins) seems not to disrupt the biliary tract in 
most instances judgmg by the preponderance of 
cases with fittle or no jaundice and comparabvcly 
little increase m serum phospliatase acbvity ap- 


parently neiv bile duct profiferabon maintains the 
mtegnty of the excretory channels But when 
disorganization of the bihary tract with jaundice, 
occurs m Laenncc’s arrhosis (due to comphea- 
bons like mfeebon or neoplasbc degenerabon), 
the serum phosphatase level nses 

On the other hand, it is clear that markedly m 
creased serum phosphatase ocbvity may occur 
with little or no hyperbihrubmeraia (as for m 
stance ivith metastabc hver malignancy) and this 
dissoaabon has seemed to some (27, 28) incom 
pabble with the retenbon * theory both phos 
phatasc and bilirubin being consbtuents of bile 
obstruebon of the bifiary tract suffiaent to cause 
retention of phosphatase ought to be assoaated 
with a comparable degree of bilirubin retenbon. 
This would follow of course if the blood levels 
of both bilirubin and phosphatase depended solely 
upon their common rate of excrebon m the bile 
However bile pigments are excreted in the unne 
when there is biliary obstruebon with retenbon of 
bde in the blood whereas the huinan kidney a|>- 
pears to be impermeable to * alkahne ’ serum 
phosphatase.* This difference with respect to 
renal excrebon affords a possible cxplanabon for 
the occurrence of mcrcased serum phosphatase 
activity with little or no jaundice a dissoaabon 
which does not seem to us to disqualify the re 
tenbon theory In hepabbs tlie absence of 
appreciable increase in phosphatase acbvity des- 
pite marked hyperbifirubmcmia due to blocking 
of bile pigments by the disordered parenchyma, 
suggests possible shunbng of the enzyme around 
the polygonal cells 

The increased scrum phosphatase activity 
somebmes observed in pabents with external 
bifiary fistulae draimng bile fike\vise appears to 
be mcongruous with the * retenbon theory since 
under these arcumstances bile and therefore 

* That u, the alkaline ^ phoiphataic activity of human 
urine u negligible m Jaundiced (or normal) human sub- 
jects. Interestingly cnongb, m the cat, the one ipcdca 
m which “alkaline phosphatase is known to be present 
m appreciable amounts m the urme (29) Hgatioo of the 
common bde duct causes little or no me m scrum pbos 
phatase actmty (30) 

In passing it might be noted that dissociation of serum 
bilirubm and phosphatase is not peculiar to phosphatase 
among bile constituents. For example, a similar dis 
sodaUon between scrum btUrubm and total cholesterol 
N'alucs is the rule In hepatogenous jatmdjce. 
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phosphatase, is certainly being excreted The 
validity of this inconsistency would seem to de- 
pend upon whether or not the excretion of phos- 
phatase in a given instance is adequate, always a 
difficult matter to appraise The fairly consistent 
occurrence of climcal complications, when such 
dissoaation was observed by us, leads to the sus- 
picion that drainage under those arcumstances 
may not be as adequate as would appear It is 
mteresting to note in this connection that patients 
with seemingly free drainage of bile through ex- 
ternal fistulae may show other peculiarities such 
as mcreased serum cholesterol (31) and rather 
marked increase m bromsulfalem retention (9) 

A more convmang mconsistency of the “ re- 
tention'' theory encountered in our clinical ma- 
terial, however, was that presented by infants with 
jaundice due to congenital atresia of the bile ducts 
In spite of typical obstructive jaundice, the serum 
phosphatase level m this condition has been found 
to be withm or only moderately above the normal 
range in infants We obtained values of 11 1 
and 63 Bodansky umts per 100 cc respectively 
m 2 such previously recorded instances (Cases 
112 and 113, see Donovan (32) for cliiucal de- 
tails) Similar results have been obtained by 
other mvestigators (3f, 3i) Another case re- 
ported here (Case 173) showed a level of 17 1 
Bodansky units, a value which we r^ard as defi- 
mtely elevated but probably less than might be 
anticipated m obstructive jaundice at this age 
penod It remains to be determined whether 
these unexpected results signify that the " reten- 
tion" tlieory is untenable or whether they are 
ascnbable to some as yet unknown pecuhanty of 
the phosphatase metabolism m the mfant 

SUMMARY 

Our expenence dunng the period 1933 to 1939 
with serum phosphatase determinations (Bo- 
dansky method) m disorders of the liver and 
bihary tract is summanzed An analysis \vas 
made of the results in over 300 adult patients m 
whom the diagnosis, apart from the hepatitides, 
could be established at operation or autopsy 

Of 79 adults with proven obstructioa of the 
common bile duct, 72 (roughly 90 per cent) had 
serum phosphatase levels more than 10 Bodansky 
units per 100 cc In the " hepatitis " group, 82 


of 107 adult cases had serum phosphatase levels 
less than 10 Bodansky umts per 100 cc , but if, 
as we have proposed, patients with jaundice fol- 
lowmg exposure to hepatotoxic agents be segre- 
gated from the " catarrhal " jaundice group, then 
62 of the 69 latter cases (roughly 90 per cent) 
had serum phosphatase levels less than 10 Bo- 
dansky units per 100 cc There is a stnkmg 
dispersion m the serum phosphatase values of 
patients with jaundice following exposure to 
hepatotoxic agents, espeaally arsphenamine This 
dispersion may have clinical significance 
Hemol 3 rbc jaundice was assoaated with normal 
serum phosphatase values Of 44 patients with 
advanced arrhosis (exclusive of bihary arrhosis), 
34 had serum phosphatase values less than 9 Bo- 
dansky umts per 100 cc Forty-seven patients 
with proven neoplastic involvement of the liver 
showed a wide dispersion in serum phosphatase 
levels, depending apparently upon the number and 
location of metastases Chrome passive conges- 
tion of the liver caused little or no elevation in 
serum phosphatase activity, liver ablscess was 
usually assoaated with distmctly mcreased values 
We find the determination of serum phospha- 
tase activity of limited but definite value as a sup- 
plementaiy aid to the climcal differenbation of 
the several types of jaundice It is useful par- 
ticularly m nihng out obstruction of the extra- 
hepatic biliary tract, an improbable cause of jaun- 
dice in patients with serum phosphatase values 
less than 10 Bodansky units per 100 cc When 
applied to the differenbal diagnosis of jaundice, 
the following sources of error should be recog- 
nized (a) overlapping of values m the obstruc- 
tive and hepatogenous groups of jaundice (about 
10 per cent m either direction, m our expenence) , 
(b) unspeafiaty, as certam skeletal disorders in- 
crease serum phosphatase activity, (c) mapplica- 
bihty to jaundice in children, particularly m 
congemtal atresia of the bile duct 

The determination of serum phosphatase ac- 
tivity may be useful also m antiapating certain 
complications followmg surgery of the biliary 
tract Pre- and post-operative determinations in 
24 patients with obstructive jaundice disclosed a 
distmct correlation between post-operative serum 
phosphatase trends and the post-operative climcal 
course 
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Furthennore, the determination of serum phos 
phatasc activity is of some value m the relatively 
early detection of liver or skeletal metastases m 
patients known to have mahgnancy 

Possible mechanisms rcgubting the serum phos- 
phatase level m disorders of the liver and biliary 
tract arc considered, wth special reference to the 
“retention^ theory To judge from our cm 
pineal chmeal expcncnce, the senun phosphatase 
level in the adult is a sensitive entenon of the 
mtegnty of the excretory biliary channels, extra- 
and mtra hepatic, affording positive evidence for 
obstnictioiL It is suggested that the determina- 
tion be employed to complement “ hvtr function ' 
tests, which measure impairment of a given func- 
tion of the hver parenchyma but provide merely 
negative evidence for obstruction, and the dye 
retention tests which arc mapphcable m jaundiced 
patients 

We arc indebted to the many manberi of the Medical 
and Surgical Staffs who permitted (tudy of their catci. 
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Recent animal experiments have mdicated that 
the vitamm B complex is necessary for the nor- 
mal metabolism of carbohydrate The abnor- 
mabty most frequently reported m vitamm Bj de- 
fiaency is an mterfercnce with some phase of the 
oxidation of carbohydrate, so that mtermediary 
products of glucose metabolism accumulate m the 
tissues (1, 2, 3 4 5) and m the blood (6) while 
tissue oxidation decreases The substances most 
commonly observed to accumulate are lactic aad, 
pyruvic aad and certain as yet imidentificd com 
pounds which have m common the ability to bmd 
bisulphite* Many other phenomena are reported 
with far less consistency m animals defiaent in 
various members of the B complex such as the 
occurrence of hyperglycemia (7), ketonuna and 
interference with the storage of glycogen in the 
hver (8 9 10) decrease m the respiratory quo- 
tient (11), sensitivity to insuhn (12) etc. The 
appheabon to man of the knowledge gamed from 
these animal experiments must however be made 
caubously for several reasons. Different speaes 
of laboratory ammals vary greatly m thar re- 
quirements for the vitamin B group, so that it is 
uncertain m how far parbcular data obtamed 
from animals are transferable to man The am- 
mal expenments have furthermore been per- 
formed under specialized laboratory condibons 
which permit the study of one or more isolated 
members of the vitamin B complex. Although 
this form of study provides important data con- 
cenung the funebon of separate fracbons of the 
B complex it has recently been shown that de- 
fiaency of one fracbon so modifies the mamfes 
tabona of dcfiacncy due to other members of 
the group (13) that the effects of combined de 
fiacnaes cannot justifiably be assumed from 


study of isolated fracbons It is probable that 
such expenments fad to give accurate infonna 
bon concemmg the complex condibons of mul- 
bple defiaency observed in man. Unfortunately 
the study of fully developed human defiaency as 
seen m the chmc is unsabsfactory because the 
exact nature and extent of the defiaency cannot 
be determined with accuracy, and unknown fac- 
tors undoubtedly influence the phenomena under 
considerabon If the problem as apphed to 
man, is to be clarified, it seems desirable that 
studies be made directly upon human beings living 
under controlled condibons of vitamm B de- 
fiacn<^* m whom the influence of defiaency of 
the B complex as a whole may be compared with 
effects of defiaency of the separate fracbons 
The present paper is a report of such a study 
made upon one mdrvidual who voluntanly con 
sumed for a period of 4 months a constant diet 
defiaent only m the B complex. The fact that 
this woman consumed a constant amount of food 
throughout observabon permitted a more accu- 
rate study of the effects of defiaency of the B 
complex alone than is often possible m animal 
experiments where anorexia results m diminished 
food intake and the mtroducfaon of compheabng 
defiaenaes After signs of defiaency had devel- 
oped thiamin nboflavm and brewer s yeast were 
added to the diet m senes as shown m Figure 
1 and their effects were studied. These studies 
dealt chiefly with carbohydrate metabolism and 
mduded the detcrminabon of the response of the 
organism to the administrabon of glucose as 
measured by blood sugar and respiratory quobent 
the response to a standard dose of insulin and 

* The terra vitaram B as med occasionally m this paper 
refers to the B coraplex as a whole. Individual mem- 
bers of the complex are designated separately 
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cstimatioiis of blood pyruvic aad, lactic acid and 
bisulphite-bmding substances before and after the 
ingestion of glucose. In addition, studies were 
made of scrum protein and alteration m weight 
and fluid balance. 


METHODS OF STUDY 

The subject, a healthy woman aged 60 who had senred 
in a previous study (14) of vrtaimn B dcfiaency volun 
teered to consume a diet defiaent m the vitamm B com- 
plex, The observatioiis were made m the metabolic 
ward of the University of Pennsylvania Hospital from 
February 25 to June 25, 1938, during which time she 
consumed daily the experimental diet outlined in Table I 
The articles of diet, m the quanuties indicated, lupphed 
protem, fat, carbohydrate and total caloncs in optimal 
amounts. The vitandn B, content of the diet was about 
ooe-third of her calculated minimal requirement. 

The vitamin B, of the diet is expressed in milligram 
cquhralents ue the amount of vitamin B, in each food 
which IS equivalent m terms of biological assay to a cor 
responding number of milligrams of a standard yeast 
powder The tbcoreUcal minimal requirement of vitaroui 


TABLE I 


Cmponiion oj tMa dfficunt dttl and tU suppUmsnU (Jxr day) 


1 

Food 

Wdsbt 

Pto- 

tda 

Fat 

C»ibo- 1 
hydrate 

C»1 1 
j ociOj 

Vtta. 
min B) 


tT*mt 


tr*mt 

xromf 

n 



rOGDS 


Cream of wheat (dry 
wdsht) 

SUm 

Biacidut 

Butter 

JtMy 

Lamb choo 

Solnach 

Idea (dry wdsht) i 

LatlBM 

Baked apple caramel 

Chtesa (Amokami | 
CdaUne 1 

Ges^ 

n 

IS 1 

20 

” 1 
20 ! 
2S 

J2 

2S 

75 

10 

17 

100 

6 1 

1 

OJ 

J 

L 

5 

4 

39 

16 

4 

T 

6 

24 1 

ui ! 

3 

u 

37 

IS 

100 

110 1 
S 1 

1020 

144! 

219 

56 

10 

iOS 

4 

231 

TO 

166 

400 

96 

55 

510 

US 

200 

50 

51 
.lO 

ISO 

40 

Total 


06 

72 

40S 

1544 

1 mo 


rooo 


Caldum Etoconate 
Sodium efilorida 1 

5 

5 1 


Fcmna aninhata 



(Feoaol) 

Aacorblc add 

0.6 


(Cabtona) 

Hakbot IWcr oil with 

0 1 


Vkatmi 

2cap- 

•nlea 



• Sec text 

t Redpo for biscuits 

Flour 

Lard 

Baldng powder 
Water 


170 grams ] 

38 grams (Weight of red pc 
2 tap. [ 323 grams. 

113 grams j 


B, of this mdividoaJ was calculated from the formula of 
Cowgill (15) 


m CAU 

where VITi is the vitamin (in milligram equivalents) 
required daily by an individual whose body weight, IFi 
is expressed m grams. CALi (kilogram calorics) rep- 
resents the total daily energy exchange, for which the 
calculated calonc value of the diet (25^ calories) has 
been used. A* is a speaes constant which, for man, 
Cowgill has determmed to be OJK)00284 The vitaram B, 
requirement of this subject, whose imtial waght was 
585 kilograms, was found to be 4225 mgm. cq per day 

It was assumed that the amounts of other members 
of the B complex were proportionately decreased m the 
diet. Vitamins A C and D iron, calc ium and sodnun 
chlondc in amounts thought to be optimal supplemented 
the diet as indicated m Table 1 Except for days when 
experimental procedures required that food be with 
held and for one 5-day period beginning Apnl 18, when 
abdominal symptoms suggestive of appendicitis made 
a marked reduction of the diet advisable, the intake of 
food and food supplements was constant from the tune 
of admission to discharge. The loss of weight during 
the period of low food intake (April 18-20) Is explained 
by the decrease m the diet. Daily fluid Intake, as made 
up by the liqmd components of the diet, was 1400 cc. 
until April 8 when it was increased to 1900 cc. The 
terra ‘‘fluid balance” as used m the text refers to the 
relation of fluid mtake to urine volume. 

The experimental regimen, divided mto the 5 foUowmg 
consecutive periods, was begun immediately on admission 
to the hospital (I) the first week on the deficient diet, 
called first period” in the tables which was regarded 
as a control period (2) the subsequent 8 weeks on the 
same diet, during which tune signs of deficiency appeared 
(this period was terminated becanse of the development 
of clinical mamfestatlons of deficiency demanding treat 
ment) • (3) a penod of 18 days dnrmg vffaiefa ihiamm hy 
drochlonde * alone ivas added to the deficient diet m doses 
rangmg from 20 to 120 milligrams daily (4) 20 days 
during which riboflavin was admiuiitcred, 6 nulhgraras 
daily m addition to thunfin (5) the final 18 days when 
brewer’s yeast ■ was given, 42 grams daily This period 
was shorter than desired due to unavoulabk arcura 
stances, so that the effects of this thcrapctitic agent were 

* The clinical manifcstaticns of deficiency which were 
observed, together with clinical studies made upon the 
subject during each experimental penod, will be reported 
m a separate communication. 

♦This material (as Bctablon) and the riboflavin were 
supplied through the courtesy of Mr P C Ackerman of 
Merck and Company 

• The brewer's yeast was kindly supplied by Dr J H. 
Hams of the Hams Laboratories, Tuckaboc, New 
York, as ” Brewer’s Yeast Harris Medicinal Powder ” 
Our analysis showed that its mtrogta content was 7J& 
per cent By the usual calculation (N X 6.25) this sup- 
plied 21 grams of protem m additloa to that of the dicL 
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evident but probably not maxmial before it was necessary 
for the subject to leave the hospital 
The subject was weighed daily under standard condi- 
tions Total output of urine was recorded daily Total 
serum protein was determined occasionally Fasting 
blood sugar determinations and sugar tolerance tests 
were earned out several times m each period. Venous 
blood sugar, as true blood sugar, was determined before 
and at hourly intervals for 4 hours after the ingestion 
of 100 grams of glucose. The blood sugar was deter- 
mined by the micro method of Folm and Malmros (16) 
modified for use with the Evelyn photoelectric colorimeter 
(17) Urine, collected before and at hourly mtervals 
throughout the test, was analyzed qualitatively for sugar 
and ketones The respiratory quotient was determined, 
usmg the Tissot apparatus, before each sugar tolerance 
test and hourly for 3 to 4 hours after the glucose had 
been given Blood lactic acid was determmed by the 
method of Fnedemann and Graeser (18), pyruvic acid 
by the method of Wendel (19) Bisulphite-binding sub- 
stances in the blood were determined by a slight modifi- 
cation of the method of Clift and Cook (20) These 
analyses were made upon the fastmg subject at various 
times durmg observation and at 1, 2 and 4 hours follow- 
mg the administration of 100 grams of glucose. The 
response to insulin was studied under basal conditions at 
various times during each experimental period, 2 5 umts 
of insulin being given subcutaneously in each test Blood 
and urme samples were obtamed pnor to giving the 
insulin and at 1, 2 and 3 hours thereafter 


RESULTS 

1 Alterations tn weight and fluid balance 

Changes m weight at first corresponded to al- 
terations m fluid balance but late m defiaency the 
subject lost weight m spite of fluid retention 
(Figure 1) The 24-hour urinary nitrogen ex- 
cretion was determined for 3 days of each ex- 
penmental penod Table II shows these nitrogen 
values as well as the 24-hour unne volumes 
Edema appeared 5 days after the diet tvas be- 
gun As m earlier studies of vitamm B defiaency 
(14) no adequate explanation for its occurrence 
IS available Alterations in serum protein were 
not suffiaent to account for it Previous at- 
tempts to demonstrate increased capillary per- 
meabihty or increased capillary pressure yielded 
negative results, and were not repeated during 
this study Penods of fluid retention and penods 
of fluid loss began and terminated suddenly with- 
out known change in the subjects environment 
From the 10th to the SOth day of observation 
vanations in edema and in fluid balance could ac- 
count for the observed fluctuations m weight 


TABLE II 

Daily unne volume and unne nitrogen during the 
expenmental periods 


Date 

1938 

Urine 

volume 

Urine 

nitrogen 

Period 

Feb 27 

cc per 
day 

1102 

gram 5 
per day 

45 

First period 

March 1 

1105 

44 

March 3 

944 

67 


Apnl 27 

1883 

33 

Vitamin B deficient diet 

April 28 

1063 

3 1 

(9th week) 

April 29 

1389 

42 


May 17 

1421 

3 7 

Deficient diet 4- thiamin 

May 18 

1916 1 

3 0 


May 19 

899 

■ 


June 3 1 

828 

5 1 ' 

Deficient diet + thiamin 

Tune 4 

1578 

4 2 

-f nboflavin 

June 5 

1720 

4 1 


June 17 1 

1992 

76 ' 

Deficient diet + yeast 

June 18 i 

1270 1 

67 1 


June 21 

774 

7 1 



After 50 days on the diet, the weight dedmed 
comadent with the temporanly restricted diet 
It rose when the fuB diet was resumed but did not 
return to the previous level and it fell again be- 
fore thiamm was given The weight was restored 
by thiamin The sharp, temporary fall dunng 
the nboflavin penod accompamed a fasting day 
on May 31 However, the mamtenance of 
weight during the yeast penod, at a tune when 
edema was subsiding, suggests that yeast may con- 
tain some factor or factors, other than thiamin 
and nboflavin, winch control the regulation of 
body fluid and perhaps the building of body 
tissues 

2 Blood sugar and respiratory quotient 
following glucose 

The blood sugar concentration was determined 
at hourly intervals after the oral administration 
of glucose in each expenmental penod (Table 
III) Dunng the first penod and upon the in- 
itial examination m the penod of defiaency the 
values are within the normal range for glucose 
tolerance curves Likewise, the nse in blood 
sugar during the first and second hours following 
the admimstration of glucose was within normal 
limits throughout all penods of observation 
However, beginning late m deficiency (Apnl 18) 
and contmumg until after 12 days of administra- 



METABOLIC DISTURBANCES IN VITAMIN B DEFICTENCY 


157 


TABLE III 

Blood svear fasitnz and foUoxnni tho oral adwinistraiion of 
100 pxms of ilucost t» tho d\ffertnt experwienUU penods 



Blood vOfEr 



Fut 

In* 

l 

hour 

3 

boon 

3 

hour* 

A 

boun ^ 


March 1 

wr*, 

92 

mpK 1 
p<r 
100 
u 

174 

"ftm. 1 

P*r 

100 

145 

Mtm 1 

too 

CC. 

126 ' 

■m, 1 

P*r 
100 ! 
cc, 

85 1 

Firtt period 

Maich 4 

70 

135 

150 

132 ■ 

93 

March 23 

63 

108 

1 

127 ' 

1 

88 

80 


April S 

69 

155 

121 ' 

119 


Deficient diet 

April 18 

61 

124 ' 

116 

138 

108 


May 4 

74 

148 ' 

145 j 

155 

153 

Deficient diet 

May 10 

80 

152 

159 

143 

122 

-J- thiamin 

Alay 23 

85 

145 1 

146 

124 

137 

Deficient diet 
+ thiaraln 
-i~ riboflavin 

Jcnc 6 

73 

140 

151 

142 

132 

June IS 

73 

158 

160 

136 

130 

Deficient diet 

June 20 

65 

139 

115 

101 

89 

1 

+ yeajt 


tion of yeaat (June 20) the 4th hour blood sugar 
values failed to return to near the fasting value 
These 4th hour sugars exceeded the fasting values 
by 47 to 79 milbgrams per cent, while during the 
control period and following the ad muust ration 
of yeast the maximum elevation over the fasting 
value at 4 hours was 24 mi Hi grams per cent At 
the same time that the 4th hour values were ele 
vated the 3rd hour values tended to exceed those 
obtained dunng the first period and after yeast 
The unne at no time contamed sugar or ketone 
bodies Smee the peak of the blood sugar curve 
after glucose was not significantly altered it \vas 
assumed that the absorption of glucose from the 
gastro-mtestinal tract was not impaired. This 
conclusion was borne out also by a smgle meas 
urement of the absorption of glucose from the 
small mtestine dunng defiaency * using the Miller 
Abbott tube (21) and employing a modification 
of the method of Groen (22) which gave a result 
wthin the normal range The removal of glucose 
from the blood stream however appeared to be 
dirmmshed as judged by the 3rd and 4th hour 

• We are Indebted to Dr Paul IL Glam and Dr Olive 
D Hoffman for the performance of thii expcTimcnt 


blood sugar figures This defect became definite 
late in deficiency was unaffected cither by thiamm 
or nboflavm but disappeared followmg the ad 
ministration of yeast A reasonable explanation 
for these vanations is that mterference wth gly- 
cogen deposition m tlic hver liad occurred Im 
paired glycogencsis m the liver following the 
parenteral administration of glucose has been 
demonstrated m animals defiaent m the B com 
plex (8, 9, 10) Whatever the mcchamsm may 
be, thiamm and nboflavm were vnthout effect upon 
the glucose tolerance curve while yeast appeared 
to restore the abflity to utilize carbohydrate nor 
mally 

It IS of considerable mterest that the findings 
relative to blood sugar observed m this subject 
dunng deficiency are comparable to the changes 
of early mamtion (23) and also to the changes 
recently desenbed m liver disease (24) In Bi 
deficiency m animals hyperglycemia (7), glyco- 
suna and the appearance of ketone bodies m the 
unne have been reported suggestmg a diabetic 
hke state. In human diabetics the adramistration 
of vitamm was thougiit to have resulted m an 
improved sugar tolerance (25) However noth- 
ing to suggest a diabetic tendency nn'os observed 
m the present subject either dunng partial de- 
fiaency or followmg the administration of thiamm 
or nboflavm. 

Throughout the penods of defiaency and 
therapy the basal metabolic rate ranged from 
* — 12 to -j- 5, the average being — 8 per cent 

Disturbances m the respiratory quotient follow 
mg the admimstration of glucose to animals both 
dunng Bj defiaency and after the admimstration 
of thiamm have been reported (11) Our find 
mgs (Table IV) show no significant vanations m 
the fasting respiratory quotient, and the response 
of the quotient to glucose appeared normal at all 
times 

3 Blood bisulphite binding substances pyruxnc 
and lactic acid 

During the course of the experraient, weekly 
fastmg values for total bisulphite-bmdmg sub- 
stances lactic aad and pyruvic aad were obtained 
on protem- and sugar-free filtrates During the 
glucose tolerance tests these substances were dc 
tenmned also at mtcrvals of approximately 1 or 
2 and 4 hours after the mgestion of glucose 
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Respiratory quotient, fasting and follcnuing the oral adminis- 
tration of 100 grams of glucose in the different 
experimental periods 


Date 

1938 

1 Fa«t- 
1 Ina 

1 

hour 

2 

houn 

3 

houii * 

4 

hours 1 


March 1 


0 90 

0 94 

0 98 1 

1 

0 97 

First penod 

March 4 

,0 75 

083 

0 95 

0 98 

0 98 

March 23 

; 0 91 

0 89 

0 96 

0 94 

0 93 


April 5 

0 87 

1 00 

0 97 

0 99 


Deficient diet 

April 18 

, 0 79 

0 92 

0 88 

0 92 



May 4 

0 78 

0 94 

0 91 

0 97 


Deficient diet 

May 10 

0 78 

0 89 

0 94 

0 90 


4“ thiannn 

May 23 

0 88 

0 95 

0 91 

0 94 

0 89 

Defiaent diet 
4- thianim 

4- riboflavin 

June 6 

0 81 

0 94 

0 91 

0 92 

0 98 

June 15 

083 

0 88 ' 

0 94 

0 92 

0 92 

Deficient diet 

June 20 | 

0 88 

1 

0 96 

1 

0 96 

1 

1 

1 

1 

0 95 

4- yeast 
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Table V gives the values obtained The fasting 
bisulphite-bmding power did not rise dunng the 
period of vitamm B defiaency nor were the \^ues 
significantly elevated after glucose Taylor, 
Weiss and Wilkins (26), as well as Platt and Lu 

(27) , obtained elevated values for bisulphite-bmd- 
mg substances m fasting subjects with clinical 
vitamin B defiaency Two explanations for the 
difference between our results and theirs may be 
considered either that in our subject the de- 
fiaency did not proceed to such an advanced stage 
as to give this change, or that the climcal de- 
fiaenaes studied were complicated by inanition 
or by defiaenaes other than vitamm B Inani- 
tion has been shown by Lipschitz and co-workers 

(28) to be responsible for a large part of the 
disturbances noted m the carbohydrate metab- 
ohsm of vitarmn B-defiaent animals 

Pyruvic aad concentrations m the fastmg blood 
of the subject were not mcreased dunng the 
penod of vitamm B defiaency However, after 


TABLE v 

Bisulpkite-binding substances, lactic acid and pyrimc acid, fasting and following the oral administration of 100 grams of 

glucose in the different experimental periods 



BBS* 

Lactic add 

Pyruvic add 


Date 

Faitlug 

1 hour 
after 
glucoie 

4 hours 
after 
sUucxue 

Fasting 

1 hour 
afUr 
glucose 

4 hours 
after 
glucose 

Fasting 

l hour 
after 
glucose 

4 hours 
after 
glucose 


March 1 

f7i£m 

per 

too cc. 

59 

mzm 

per 

100 cc 

43 

tnfm 

per 

100 cc^ 

4 1 

mtm 

Prr 

200 cc 

12 3 

mpn 

ptr 

100 cc, 

17 7 

mxm 

Ptr 

100 cc, 

84 

mgm 

per 

100 cc 

1 7 

rngm 

per 

100 cc 

4 1 

mtm 

per 

100 u 

46 

First penod 

March 8 

40 



17 6 



43 




March 15 

4 1 



17 3 



3 2 




March 22 

45 

47 

48 

27 1 

17 6 

13 2 

46 

59 

06 


April 12 

4 1 

5 2 

54 

12 9 

24 St 

13 8 

23 

66 

83 

Deficient diet 

Apnl 18 

56 

82 

85 

10 1 

21 2 

19 8 

4 1 

11 6 

8 1 


Apnl 22 

1 29 



20 9 


1 

2 1 




May 4 

3 6 

50 

2 5 

15 7 

22 5 

19 8 

1 3 

5 1 

14 

Deficient diet 
+ thiamin 

May 10 

4 1 

3 8 

32 

62 

16 9 

93 

30 

76 

34 

May 24 

23 

49 

1 8 

70 

18 9 

75 

0 1 

68 

1 5 

Deficient diet 
thiamm 
riboflavin 

Ma> 31 ! 

3 1 



5 6 



2 7 

j 


June 20 


3 0 ' 

24 


15 5 

10 0 

1 

1 

; 68 

38 

Deficient diet 
-|- yeast 

June 23 

48 ; 



11 5 



0 




• B B S =* Bisulphite binding substances. t Two hours after glucose 
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glucose mgcation there was a nsc m pyruvic acid, 
the values tending to remain elevated throughout 
the 4 hours of the test Following the adramia 
tration of thiamin, these 4th hour values for 
pyruvic aad retumed to within the normal fast- 
mg range 

Pyruvic acid as determined by reduction to lac 
tic add, was always less than the total bisulpbite- 
bmding substances m the fasting blood of our sub- 
ject, but it significantly exceeded bisulphite-bmd 
mg substances after glucose mgesbon This dis 
crcpancy also occurred m 2 normal subjects and 
appeared greater than could readily be accounted 
for by tlic loss of some pyruvic aad from the 
filtrate before determination of bisulphite-bmdmg 
power Pyruvic aad contains a free carbonyl 
group which will quantitatively bind bisulphite 
Since bisulphite binding power did not nsc con 
currently with pyruvic aad there may be errors m 
one or both determinations by these methods 

The values for lactic aad of the blood appear 
to be elevated dunng defiacncy both before and 
after glucose, particularly as compared with values 
obtained following the administration of thiamin, 

4 Response to tnsuhn 

Alteration m the response to insulm occurred 
during the experiment As defiacncy progressed, 
the subject became resistant to insulin. Follow 
mg the administration of thiamin the response to 
the same dose of insuim was increased and when 
nboflavm ^va 3 added insuIm sensitivity developed 
(Table VI) 

The 3 examinations made dunng the defiaent 
period showed a progressive decrease, both in the 
percentage fall m blood sugar from the fasting 
level and in the symptomatic response to insulin. 
In the last test made dunng defiacncy no fall m 
blood sugar occurred and the subject cxpenenccd 
no unusual symptoms One week later, however 
large doses of thiamm havmg been administered 
(Figure 1) a 36 per cent fall m blood sugar oc- 
curred and the subject cxpenenccd moderate 
symptoms of insuim shock after the test dose, 
Dunng the remainder of the thiamin penod the 
response to Insuhn appeared to vary roughly ac 
cording to the amount of thiamm admiiustcrcd 
immediately pnor to the test. When, however 
nboflavm was added to a small dose of thiamm the 


TABCa vi 


Blood sugar h^or$ andJoUomng Ao subetUautous admiuis 
iratxon of unUs of tnxultn tn tko dt^ertnt 
cxponmsnSai ptnods 


Dstc 

1918 

' Blood rtmr 


1 

Ini { 
tui 1 

1 

bi^ 

1 

boor 

2 

bocn 

3 ; 

hoOTf 

J 

Utx 

de- 

cm«Q 

In 

blood 

•Otar* 

March tl 

rtr 

100 

n 1 

100 
«. 1 

66 1 

mtm 

fftf 

JOO 

56 

cc, 1 

S9 1 

rngm, , 

foo 

cc. 

61 1 

P*r 

ettU 

21 1 

Defiaent 

diet 

March 25 

70 j 

70 

63 

68 

78 

10 

ApnU^ 

66 1 

76 

66 

70 

76 

0 

May 6 

"! 

S3 

49 

56 

62 

36 

Deficient 

diet 

-f tbiatnln 

May 13 

66 1 

64 

65 

65 

66 

1 ^ 

May 17 

68 

61 

59 

1 58 

1 

i 

1 . . 

1 15 

1 

May 27 

86 

58 

44 

1 52 

1 56 

1 49 

1 Deficient 
dlet + thi 

1 a min •\- 
j nbofiavin 

May 31 

131 

101 

6? 

48 

62 

i ^ 


* Majdmal decrease in blood sugar is here represented as 
the per cent fall from the initial blood sugar to the lowest 
value obtained la the test. 


response was greater than that which had been 
obtained with thiamm alone. On May 27, when 
the subject was recciviiig daily 20 milhgrams of 
thiamm and 6 milligraras of nboflavm she ex- 
pen enced defimte symptoms of shock foUmvmg 
the standard dose of insulin, at which time a fall 
of 49 per cent m blood sugar occurred. These 
symptoms were transient and reqinred no treat- 
ment but on May 31 the test being repeated imder 
identical conditions the blood sugar fell 63 per 
cent and symptoms of reaction became severe, m 
spite of the high mitial blood sugar 

Altered response to msulm has been reported m 
animals defiaent m the B complex, but the type 
of response appears to vary with the animal con 
cemed Rats defiaent m the B complex (12) 
are reported sensitive to insuim while pancreatec 
tomued dogs maintamcd on a B-defiacnt diet be 
came resistant to msulm (29) Ljttlc assistance 
IS obtained therefore from these animal expen 
raenta m mterprctation of the changes observed m 
the human subject. 
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SUMMARY 

1 An otherwise normal individual, subsisting 
on a diet adequate except for the vitamin B com- 
plex, developed climcal manifestations and meta- 
bolic changes which responded in part to thiamin, 
were influenced only slightly by thiamin plus ribo- 
flavin and were relieved by the administration of 
brewer’s yeast 

2 In general, both chnical mamfestations and 
metabolic changes were evident after 5 weeks on 
the experimental diet but did not become striking 
until the subject had consumed the defiaent diet 
for 8 weeks 

3 Observations are presented showing the 
changes in fluid balance and body weight, m mtro- 
gen excretion, in carbohydrate metabolism, and m 
the response to msulm 

4 Edema appeared early m deficiency, loss of 
body weight occurred late Edema disappeared 
and normal body weight was maintained only fol- 
lowing the administration of yeast 

5 The changes in carbohydrate metabolism m- 
cluded 

(a) Failure of the blood sugar to return to 
normal within 3 to 4 hours after the ingestion of 
glucose, this defect disappearing only after the 
admmistration of yeast There was no evidence 
of failure to oxidize glucose as indicated by the 
respiratory quotient or of failure of absorption of 
glucose from the gastro-mtestinal tract 

(b) There was no increase m the bisulphite- 
binding power or in the fasting pyruvic aad of 
the blood during defiaency After the ingestion 
of glucose the pyruvic aad rose and remained 
high at 4 hours until after the admimstration of 
thiamin Blood lactic aad was elevated dunng 
defiaency and returned to normal following the 
admimstration of thiamin 

(c) The respiratory quotient was unaltered 
dunng defiaency 

(d) The response to msulm decreased as de- 
fiaency progressed There was an increased re- 
sponse to msulm following the administration of 
thiamm and, with the addition of riboflavin, the 
subject became sensitive to msulm 

We are indebted to Dr D Wnght Wilson and to Dr 
J IL Jones of the Department of Physiological Chemis- 
try for much advice and cooperation We are mdebted 


also to Dr Herbert Fox m whose laboratory determina- 
tions of serum protein were carried out, and to Dr L, 
G Wesson who made several of the analyses for respira- 
tory quotient. 
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In previous studies (1) it was shown that sul- 
fanilanude m the concentrations ordinarily at- 
tained in therapy, exerts a marked bacteriostatic 
action on Type III pneumococcus when added to 
human blood i» xntro or when found m the blood 
of patients with pneumonia after treatment. 
There was no appreciable bactenadal action ex- 
cept m some instances when large concentrations 
of the drug were used. This action was not as- 
sociated with mcreascd phagocytosis Type- 
specific antibodies, whether actively acquired or 
when odimmstercd as therapeutic rabbit scrum 
induced pneumococadal activity m the blood of 
the patients and this was accompanied by m- 
creased phagocytosis The combinatiou of anti 
serum and sulfanilamide, when added i» vitro or 
when used therapeutically resulted m a greater 
bactenostatic and bactenadal action of the blood 
than when cither was used alone. 

In the present paper the results of similar stud 
les with sulfapyndinc are reported. The action 
of this drug on Types I, II and V pneumococa 
was studied in the blood of non pneumomc sub- 
jects lacking pneumococadrd properties and in 
blood taken before treatment from patients with 
pneumoma due to the homologous pneumococcus 
types In the first portion of this paper the re- 
sults of studies of the effect of sulfapyndinc on 
the growth curve of pneumococa m artificial 
media and in human blood are also reported. The 
immune reactions of the blood of patients with 
pneumococcus pneumonia before and after treat- 
ment with sulfapyndinc are reported separately 
( 2 ) 

The acffoQ of *ulf»pyndiae on pneumococci tn wlro has 
been studied by yanous technique* with lomewhat con 
flictiDic remit* (3 to 7) McIntosh ind Whitby (3) 
found Ectiye multiplication of pneumococci during 6 hours 
loBowed by marked bactericidal acUtity m 24- and 
48-hour The bactericidal activity varied 

with the fixe of the inoculum and the coocentratioo of 
the drug. Fleming using a “shde-ccU* technique with 
whole and delcukocyted blood, found only bactenostasii 


as evidenced by smaller colony siie after 24 hours In ml 
fapyridlne-contaimng blood and as compared with con- 
trols, He was able to show bactericidal action only m 
the presence of leukocytes and this bactcnddal action 
wa* enhanced by the addition of specific tnrmune serum. 
Long Bliss and Femstoae (5) found sulfapyridlnc to be 
somewhat more effective than mlfanilamide a* a bac 
tcrioitatic agent against Types I II, and HI pneumococci 
in broth culture*. Rcid (6) using Type I pneumococci 
found slight bactenostasis dunng the logarithmic phase 
o! growth but mcomplete bactericidal action later 

Hoyt and Leyinc (7) usmg large mocula of Type II 
pneumococci, found only bactenostasis in »cram and in 
peptone free broth m 8 hours' growth. In tbdr expen 
ment the effect of lulfapyridine was largely lost when 
peptone wa* added to a concentration of 2 per cent 
McIntosh and Whitby (3) did not find this inhibittng 
effect of peptone m the action of tulfapyndme on Type 
I pneumococci, Sulfapyndine was found to have no ci 
feet on the immune mechanism m mice. Marked varia 
tlon* have been noted in the sensitiveness of various types 
and strain* of pneumococci to the action of lulfapyndme 
tn vUro and In experimental infections (8, 9) Resist 
auce, or ** fastneai " ha* been artihcally induced by 
growth in sulfapyrldine and this fastness i* then found to 
be mdependent of virulence and of captule formatioa (9 
10 ) 

SIArVXXAI.3 AKD UKIBOD3 

The blood used for the paeumococcldal tests was ob- 
tained (i) from normal laboratory workers and hospital 
patient* without recent febrile illness and (2) from pa 
bent* with pneumococcus pneumonia before any serum or 
chemotherapy was started. Only such bloods were cm 
ployed as lacked pncumooicadal activity or other type- 
specific antibodies (opsonins, agglutinins and mouse pro- 
tection) for the types of pncumococd used in the tests. 
Only homologous type* were used m the blood of the 
pneumonia patients. 

The pacmnococcidal and phagocytic test* were earned 
out as in previous stuxHcs (1) but with tome modifica 
tkms. The frequency with which considerable numbers 
of pneumococci were killed off at 48 hours in tubes which 
did not exhibit full growth led us to record the number 
of viable organisms m the tubes showing mcomplete 
growth (that U, the number of colonies in plates poured 
at 48 hours) 

Three hour test ^Vhile these studies were under way 
It became apparent that the observation of growth m 
hibihon and pncumococddai a ct ion after 48 hours as 
previously earned out, did not disUngmsb between the 
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killing power of the blood itself and that due to the action 
of the chemicaL This could be accomplished, m part, by 
control tests with inactivated serum and/or “deleuko- 
c>ted" blood, since either of these conditions mterferes 
with the destruction of pneumococci m the absence of the 
drug However, a simpler method was evolved. It was 
found, by serial colony counts made at frequent mtervals, 
that the pneumococcidal action residmg in the blood is 
most marked durmg the first few hours of mcubation 
while, as shown by McIntosh and Whitby (3), the action 
of sulfapyndme becomes apparent only between 2 and 8 
hours and sometimes even later In our own studies, this 
lag m the action of sulfapyndme lasted at least 4 hours 
It was obvious, therefore, that colony counts done early 
m the test wiU not only differentiate the two mdividual 
activities, but the differences between these and the later 
ones will reflect more accurately the number of orgamsms 
killed through the action of the drug After a number 
of expenments m which the inocula and the period of 
growth were varied, it was found most advantageous to 
pour plates after 3 hours’ incubation from the tube con- 
tammg blood m which 10^ and 10® pneiimococa had been 
inoculated In following the course of patients under 
treatment, this test was of particular value in differentiat- 
mg between the pneumococcidal activity acquired through 
the development of immunity and that due to action of 
the drug This will be shown m the studies earned out 
with patients’ blood (2) 

The pneumococci used m most of the expenments were 
the stock Types I, III, and V strains in use in this labora- 
tory for a number of years Type I and T 3 T)e III strains 
were originally obtamed from the Rockefeller Institute 
and the Type V strain from the late Georgia Cooper 
Their virulence has been mamtamed by frequent mouse 
passage. They were grown m rabbit blood broth (beef 
mfusion broth with 1 per cent peptone and 0 05 per cent 
dextrose, pH 78, to which 1 per cent defibnnated rabbit 
blood is added) AH pour plates were made m beef m- 
fusion agar, pH 7 8, to which 5 per cent horse blood was 
added The pneumococcidal testa were usually done with 
3- to 4-hour cultures made with a 50 per cent moculum, 
while in the growth curves the cultures used were m the 
stationary growth phase after 10 hours’ growth from a 
small moculum. In either case, pour plates of the cul- 
tures used jaelded between 45 and 120 colonies from Kh'^ 
cc. For the stock strains, unless otherwise noted, 0 1 cc. 
of this dilution of culture is referred to as having 10 
pneumococci. In the case of s trams freshly isolated from 
patients, cultures grew more slowly and more sparsely 
(10"^ cc- usually yield 10 to 20 colomes) 

Growth curves were studied m blood broth and m 
whole de&brmated blood which lacked pneumococcidal 
action When blood was prepared for such tests, the 
proper amounts of the blood, the culture dilution, and sul- 
fapyridme were mtroduced into a smgle tube m propor- 
tions correspondmg to those used m the pneumococcidal 
tests The mixture was then distributed m 05 cc 
amounts m a number of pyrex tubes which were then 
sealed m an oxygen flame, placed m the incubator and 


rotated. The tubes were broken open mdividually at m- 
tervals and agar plates poured either with the entire 
contents or with serial dilutions 

Growth curves m broth were earned out by adding 0.2 
cc. of a 10-hour culture to 1 8 cc. of the blood broth with 
or without sulfapyndme and serial decimal dilutions 
were made m the same medium. The vanous tubes were 
then incubated and 0 1 cc amounts were removed at vari- 
ous mtervals for culture m agar pour plates, either di- 
rectly or after proper dilution. Complete bactericidal ac- 
tivity was assumed whenever 0 1 cc of the material 
yielded no growth. However, m some instances when 
blood was used, the entire contents of the tube were cul- 
tured m rabbit blood broth at the conclusion of the ex- 
periment m order to ascertam whether bactenadal action 
was complete 

Sulfamlarmde and sulfapyndme determinations were 
made by the method of Marshall and Litchfield (11) 

The therapeutic serums used were chiefly concentrated 
horse and rabbit serums furnished for clmical trial by the 
Lederle Laboratories 

RESULTS 

Effect of siilfapyridine on the growth curve of the 
pneumococcus 

Stock Type III pneumococcus m blood broth 
Control growth curves for this organism are 
shovm in Figure 1 Practically no lag phase ivas 
noted, even with small mocula This absence of 
lag phase, as will be seen m the figures which fol- 
low, was characteristic of the growth of all the 
strains both in this media and m blood, and oc- 
curred with all inocula, irrespective of whether or 
not sulfapyndme was present (at least m the con- 
centrations used) ^ The maximum growth with- 
out sulfapyndme was attained in about 12 hours 
with the smaller mocula and as early as 4 hours 
with the larger inocula There was a slow decline 
in population after a stationary phase of 12 to 
24 hours 

The effect of sulfapyndme m concentrations of 
5 to 10 mgm per 100 cc. of the media, is shown 
in Figures 2 and 3, respectively Rapid mulh- 
phcation occurred within the first 4 hours in every 
instance, even with an initial population of 10 
orgamsms and with a sulfapyndme concentration 
of 10 mgm per 100 cc The rate of growth m 
sulfapyndme was about the same as without the 
drug in this interval Between 4 and 8 hours 

iThis IS not strictly true since a more detailed study 
dunng the first 4 hours mdicates a lag of growth for 
to 2 hours both with and without sulfapyridine. 
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there was a stationary phase. With a sulfap3n* 
dme concentration of 5 mgrn, per cent and an 
initial population of 10“ pncumococa or more, 
growth occurred at about the same rate as m the 
controls With smaller mocula in this concentra- 
tion of the drug there was a steady dedme m the 
number of viable organisms after the stationary 
penod, and none could be grown after 48 hours. 
In one expenment, slow growth continued up to 
48 hours with an moculum of 10* organisms 
(Figure 2) With a sulfapyndmc concentration 
of 10 mgm per cent, there was a more rapid de- 
chne m the number of viable organisms so that 
none could be recovered at the end of 24 hours 
when 10 or 100 organisms were moculated. With 
an onginal moculum of 10* diplococa there were 
less than 10 viable organisms per cc. after 36 
hours, and none after 48 hours. 

Growth curvts of 3 dtfftrtnf strains of Type 
III pttcionococcus were studied m rabbit blood 
broth with and without 10 mgm of suJfapyridme 
per 100 cc. Stram “ Coughlin * (Figure 4) was 


obtained from a blood culture, and strains * GUl- 
yard (Figure 5) and “ Taylor " (Figure 6) were 
isolated from sputum. Each stram was obtained 
before treatment with sulfapyndme was begun. 
Ad 3 patients recovered after treatment although 
the first had a very protracted illness Taylor 
had a mfld atypical pneumoma, but 1 year pre- 
viously he had had a severe attack of Type IH 
pncumococac lobar pneumoma from which he had 
made a rapid recovery following specific scrum 
therapy 

There were some differences noted in the 
growth curve of each of these 3 strains and, m 
some instances considerable vanatioos were noted 
when the same tests were repeated Some of the 
latter variations are indicated m the figures. In 
general, these 3 strains grew somewhat more 
slowly and the maximum growth showed con 
siderahly fewer viable organisms than m the case 
of the stock Type III strain. All exhibited rapid 
growth during the first 4 hours, irrespective of 
the size of the moculum In the media contaming 
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Fig 6 Growth Curves of Type III Pneumococcus, Strain ** Taylor'^ 

IN Broth 

O = 1^0 sulfapyndine 
• = sulfapyndine, 10 ragm, per 100 cc 


10 iDgm of sulf apyndme per 100 cc , lallmg was 
complete with inocula of 10^ pneumococa or less 
in the case of the Coughlin and Gillyard strains 
Incubation for 36 to 48 hours was necessaiy to 
accomplish this in some of the tests which started 
vath ICP and 10* diplococa With larger inocula 
there was growth inhibition with a slower decline 
in the number of viable organisms after 4 to 8 
hours 

Stock Type I and Type V straits The growth 
curves for these organisms m blood broth media 
with and without sulfapyndine 10 mgm per 100 
cc are shoivn m Figures 7 and 8, respectively 
For the most part, the curves for both these 
strains were similar to those obtained with the 
stock Type III pneumococcus The decline m the 
number of viable organisms began after 4 hours* 
groivth with most inocula up to 10° organisms m 
the case of the Type I pneumococcus, whereas 
with the Type V strain this decline apparently 
began after 8 hours 


Stock Type III strain in dejibrinated human 
blood The blood used was from a patient with- 
out infection Repeated tests showed free growth 
of Type III pneumococci m this blood even with 
the smallest inocula Growth curves were ear- 
ned out several times without sulfapyndine and 
with 5 and 10 mgm per cent of this drug The 
control curves were all similar to those already 
shown for this orgamsm in rabbit blood broth, 
except that a greater final population was attained 
in the blood The curves with sulfapyndine 10 
mgm per cent and small original inocula all 
showed the typical nse and rapid fall, lolling being 
complete m 24 hours With the drug in a con- 
centration of 5 mgm per cent, growth occurred 
m vary mg degrees with an inoculum of 10 di- 
plococci per cc , after which the number of viable 
orgamsms remained more or less static for 48 
hours or more A few representative curves are 
shown m Figure 9 



LOG. or NO OF PNEUMOCOCCI LOG OF NO OF PNEUMOCOCCI 
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HOURS 

Fig. 7 Giovtih Cuiyis oi Stocx Tvttt I Pirsuiiococcus in Bboth 
O no tolfapyndine 
• » nilfapyndine, 10 mgm. per 100 cc. 



HOURS 

Fig. 8. Gbowth Cxjvfts or Stock Type V Pkiumococcus m Broth 
O * no luliapyndmc 
# =B sulfapyridine, 10 mgm. per 100 cc. 
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Fia 9 Growth Curves op Stock Type III Pneumococcus in Defibrinated 

Human Blood 
O = no sulfapyridine 

sulfapyndine 5 mgnL per 100 cc. 

• = sulfapyridine 10 rngm, per 100 cc. 


Effect of certain enviromneixtal factors on the 
growth curve of Type III pneumococcus 

Effect of BApostire to a temperature of 5° C 
Blood broth cultures were inoculated with various 
numbers of pneumococa and exposed to a tem- 
perature of about 5° C for penods of 4 to 72 
hours either immediately after inoculation or after 
4 hours^ growth Further incubation at 37® C 
^vas resumed in most instances after this exposure 
to cold The resulting growth curves with and 
without sulfapyridine are shown m Figures 10 
and 11, respectively The exposure to 5® C re- 
sulted in a fairly static population for the dura- 
tion of this exposure After remcubation at 37® 
C , the resultmg growth curve was essentially the 
same as though no exposure to cold had taken 
place 

Growth at 27® C Gro\vth curves earned out 
at this temperature wth and without sulfapyndme 
10 mgm per cent showed a lag phase of several 


hours' duration The subsequent multiplication 
was considerably slower than at 37® C The effect 
of sulfapyndme, however, was the same as at 37® 
C Bacteriostasis occurred with the large mocula 
and killing was complete when a small inoculum 
was used There was a longer stationary phase 
after multiplication occurred, but the rate of de- 
cline in population was rapid m the cultures that 
started with a small inoculum 
Growth at 40"" C The stock Type III strain 
used IS not a heat labile strain (12) and growth 
without sulfapyndme was essentially the same at 
approximately 40° C as at 37® C dunng a 48-hour 
penod With sulfapyndme 10 mgm per cent, the 
effect was the same as at 37° C dunng the first 
48 hours After that time there was a decline in 
population m the control cultures, but a more 
rapid dechne occurred m those contammg sulfa- 
pyndme 

Effect of 2 per cent peptone The media used 
throughout contained 1 per cent peptone The 
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Fio 10 Growth CuavE or Sxoct Type III Pneumococcus in Broth without Sinj^APYrnnimE 
Solid hn« = growth at 37 C 
Broken Imc = In icc box at 5 C 



ia 48 60 72 84 96 tOB 120 

HOURS 


Fta 11 Growth Curve or Stock Type III Pneumococcus in Bboth with Sultapyridike 10 Meu, Pee 

100 cc. 

Sobd Ifrie «=* growth at 37 C 
Broken Imc m tee box at S C 
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TABLE I 


Tilt m Vitro action of sulfanilamidt, sidfapyridint, and homologous immune rabbit serum on pneumococci m fresh defibnnated 

blood lacking pncumococcidal activity 
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t All added materJaU were contained In 0 1 cc. saline The figure* represent the final cxjacentratioo. 
H — Immune horse serum when not designated rabbit serum was Da^rd — Test nrt done. 

Pmwnococcidal aciu>n In the 3-hour test, except in some of the pnemnoaia patients, onl^ 10* and 10* pncmnococa were 
Inoculated and pour plates were made after 3 hoiu*' incubation* The numben Utted under growth indicate 
pneumococcus oofonic* in the pour plates, w too numefoui to count. Smaller mocufa than the ones fisted showed no 
growth With larger lnoc%ila the number of colonies were too numerous to count. Numbers m parentheses mdicate the 
number of tests in which the same results were obtained The result of each test is listed. 

Gtvmik Miktbiiwfu The figures represent the largest fnocula showing no color change after incubatioa, or the extremes of 
the results multiple test*. 

Phaiocytic xndex Average number of pneumococa per polymorphonuclear leukocyte. + — Clomping of organisms 
and leukocytes preventmg accurate count. When not the phagocytic Index was under OJ 


duffcTcncc between the growth curves using this 
tnetiium and those made with defvbnnated blood 
did not mdicate any striking inhibitory effect of 
the peptone on the action of sulfapyndmc This 
can be seen from a comparison of Figures 2 and 3 
with Figure 9 Further grovrth curves with the 
same broth containing 2 per cent peptone and 
sulfapyndine 10 mgm. per 100 cc, were almost 
identical with those obtained with the 1 per cent 
peptone broth used routinely 

Action of sulfapyndxne sulfasiHixxnxds and 
sinim on pneuniococci t« fresh 
defibnntxted human blood 

Pnuemococcidal tests were done with Types I, 
III, and V pneumococa m the blood of non 
pneumonic subjects and also m the blood taken 
before treatment from patients with pneumonia 
due to the homologous type of pneumococcus 
Varying amounts of the drug and of homologous 


immune serum were used. None of the bloods 
employed m these tests showed any pncumococ- 
ndal action for the organisms used without the 
addition of these chemicals or serum 

The results shown m Table I clearly indicate 
the difference between the pncumococadal action 
resulting from the imroune mechanism and that 
due to the effects of the drugs- In the 3-hour 
tests there is no reduction m the number of viable 
organisms except m the presence of immune 
serum. Furthermore, the end pomt in the pneu- 
mococadal tests as conducted ivas quite sharp 
when immune serum was present kilhng being 
complete at 48 hours with one of the decimal dflu 
tions of culture while full growth occurred with 
the next higher dilution dunng this penod With 
the drugs on the other hand varying degrees of 
bactenostasis and kilbng occurred with more than 
one of the dilutions of culture in which full 
growth did not occur 
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As previously shovm for the Type III pneu- 
mococcus (1), sulfanilamide exerted some bac- 
tenostatic action with concentrations below 10 
mgm per 100 cc of blood With higher concen- 
trations, this bactenostasis is more marked and 
some bactenadal activity may occur Each of the 
3 types tested behaved similarly in this respect 

Sulfapyndme was considerably more effective 
than sulfanilamide in each mstance Bacteno- 
stasis was noted with large inocula, and small 
numbers of orgamsms were killed in 48 hours 
m the presence of sulfapyndme m a concentra- 
tion of 5 mgm per 100 cc Concentrations of 
10 mgm per cent resulted m complete killing of 
10* pneumococa and there was a marked reduc- 
tion m the number of viable organisms with larger 
inocula 

As previously shown by Ward (13, 14), the 
addition of immune serum resulted in considerable 
pneumococadal action, the degree varying with 
the amount of antibody added It is of interest 
to note that definite pneumococadal action oc- 
curred with considerably lower concentrations 
than those required to mduce phagocytosis by the 
method employed here 

In a number of tests, the smallest effective 
quantity of serum was combmed with small 
amounts of sulfanilamide or sulfapyndme The 
effect on the pneumococadal action of the blood 
was equivalent to a summation of the effects of 
each of these agents used separately 

The tests earned out in the blood obtained be- 
fore treatment from patients with pneuraococac 
pneumonia gave results essentially similar to those 
obtained with the blood of the non-pneumomc 
subjects 

In Table I, the number of viable orgamsms 
present after 48 hours* incubation are recorded in 
detail Where several tests were done with the 
same combination of materials, the results indi- 
cate the vanations observed m different bloods 
These data reflect clearly the inhibitory and bac- 
tenadal action of sulfapyndme 

The tests earned out with blood taken from 
patients after treatment gave similar results, cor- 
responding to the concentration of antibodies and 
sulfapyndme present at the time Where 3-hour 
tests were earned out m blood taken after treat- 
ment with sulfapyndme and no reduction m num- 
ber of pneumococa was found at that time, the 


final results were the same as those obtained with 
drug added to the ongmal blood taken before 
treatment These results are reported separately 
( 2 ) 

Effect of soluble specific stibstance Since 
homologous type-speafic soluble substance is 
known to inhibit the pneumococadal action both 
of normal and of immune serum (14), it was of 
interest to see whether it would also interfere with 
the pneumococadal action of sulfapyndme This 
was tested in the blood of a heavily infected pa- 
tient with Type III pneumococac pneumonia 
taken before treatment was begun and again after 
sulfapyndme therapy The results of these tests 
are shown m Table II The 3-hour tests indi- 
cated rapid killing of large numbers of added 
pneumococa m the presence of immune serum 
This pneumococadal action of immune serum was 
inhibited in the presence of soluble-speafic sub- 
stance added m the form of a filtrate from a cul- 
ture of the homologous pneumococcus This neu- 
tralizing effect of the culture filtrate on the action 
of immune serum was evident even in the pres- 
ence of sulfapyndme, since no kilhng occurred in 

3 hours The growth inhibition and pneumococ- 
adal action of the sulfapyndme, however, was not 
affected by the soluble-specific substance, as shown 
by the inhibition and kilbng at 48 hours 

DISCUSSION 

The various growth curves indicate that, under 
the conditions of these expenments, growth of 
pneumococa occurred in the presence of concen- 
trations of sulfapyndme up to 10 mgm per 100 
cc in the same manner as m control media con- 
taimng no sulfapyndme for an initial period of 

4 hours or longer During this early penod there 
was usually no appreaable lag phase and the same 
loganthmic rate of growth occurred with sulfa- 
pyndine as without it The growth phase was 
usually followed by a phase of stationary growth 
and then a period of maximum sulfapyndme ef- 
fect The rate of growth during the initial 
penod, whether or not a stationary phase fol- 
lowed, and the duration of the latter when it oc- 
curred, seemed to depend on the stram used The 
early growth phase was also longer at 27° C than 
at 37° C Whether bactenostasis or killing fol- 
lowed, appeared to depend on the population at- 
tained (which, m turn, depended on the size of 
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TADLE n 

E^cU of homdot^ sduhU sp^fic subHanci oh ths pncumo- 
cocadoi aciton of immunt strum and svlfapyriatno 
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t The blood used In this expenincnt was from a patient 
with pnetnnoccus III pneuroonuL. First blood taken 
on the fifth day Blood culture showed no growth 

* Concentratioa of free sulfapyridinc In the blood (total 
9J9 mgm* per 100 cc,) 

the inoculum), the concentration of the drug and 
tlie susccptibihty of the strain. The rate of kill 
mg, when it occurred also depended on the same 
factors Temperatures higher than 37° C may 
also enhance the action of sulfapyridine after the 
stationary phase. In defibnnated blood which 
onginally lacked pneinnococcidal action the re- 
sults were similar to those obtained with the 
artifiaal media used 

The pnnapal feature exhibited in all the 
growth curves \va3 that multiphcaton of the bac 
tena m the presence of sulfapyndme was cssen 
tial before any bacteriostatic or bactenadal action 
of the drug became evident Mere exposure to 


the drug, as indicated by the results obtained at 
C (Figures 10 and 11) was not enough to 
bnng about the sulfapyndme effect The lag m 
the action of the drug was apparently the same 
ivith concentrations of 5 and 10 mgm per 100 cc 
These facts ore important in any study of sulfa- 
pyridmc action The use of large mocula (7) or 
the use of methods such as the shde-cell techmque 
of Fleming (4) which permit colony formation 
dunng the early grmvth phase may result m mis- 
interpretations concemmg the degree of bacteno- 
stasis or of bactcncidal action attainable with the 
drug Like Fleming we have noted small colony 
formation with faint hemolysis m agar plates 
poured with blood containing pneumococa and 
sulfapyndme dunng the active growth phase- 
We have also noted such small colomes m the 
blood of patients ^v^th massive bacteremia taken 
withm a short interval after the injection of suf- 
ficient sodium sulfapyndme to raise the blood 
level to 10 mgra per cent These colomes pre- 
sumably represent multiplication dunng the early 
loganthmic phase of growth. The bactenadal 
effect of the sulfapyndme also is evident because 
we have not been able to recover viable organisms 
from such colomes on subcultures whereas nor 
mal looking colonics from the same plates grew 
freely when transplanted to fresh media 
Attainment of full growth is probably not the 
hmitmg factor in the action of sulfapjmdme 
This 13 borne out by a companson of the curves 
obtained with large mocula of the stock Type III 
strain (Figure 3) and those obtained with the 
' Taylor ’ stram (Figure 6) In the former the 
maximum populations reached were well below 
full growth and these were attained at 4 hours 
and the decline that followed occurred at about 
the same rate as in the curves without the drug 
(Figure 1) With the latter stram the curves 
which mdicated that maximum growth was at- 
torned with the drug also showed more rapid 
deebnes m the population as compared with the 
controls growing without sulfapyndme. 

Another interesting phenomenon which oc 
curred with several of the strains is illustrated m 
Figures 6 and 8, W^th certain of the mocula 
the pneumococa were completely killed at 48° C 
in some experiments while at other times the 
population was greatly reduced dunng a penod 
of 4 to 24 hours only to remam static again or 
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even to increase during the succeeding 24 hours 
or more Whether or not this phenomenon was 
related to the development of drug-fast vanants 
(10) withm the population was not determined 
The results of the pneumococcidal tests con- 
firmed and extended the previous findings with 
respect to the effect of sulfanilamide on pneumo- 
coccus growth m human blood (1) This drug 
was shown to be bactenostatic for the 3 types of 
pneumococa tested m concentrations up to 20 
mgm per cent, and only occasionally was true 
bactenadal action noted within 24 hours when 
the higher concentrations were used With sulfa- 
pyndine, bactenostasis is effected by much lower 
concentrations Even with this drug, however, 
more than 5 mgm per cent is necessary in order 
to insure the regular occurrence of bactencidal 
action even for small numbers of pneumococa 
Homologous immune serum was shown to inr 
duce pneumococadal action in fresh human blood 
When used in small amounts in combmation with 
small concentrations of sulfapyridine, the action 
IS greater than when either agent is used sepa- 
rately The action of the immune serum in such 
instances occurs early, as seen from the results of 
the 3-hour pour plates The effect of sulfapyn- 
dine does not become evident for several hours 
Killing of the homologous type of pneumococ- 
cus occurs in the presence of sulfapyridine even 
in the blood taken before treatment from patients 
with massive bacteremia Since certain amounts 
of the homologous soluble-speafic substance are 
circulatmg m the blood of such patients, it would 
appear that the sulfap 3 mdme action is not influ- 
enced by the presence of this substance Even 
addition of further amounts of culture filtrate 
containing this substance m amounts sufficient to 
inhibit the action of added immune serum did not 
influence the action of sulf apyndine These find- 
mgs serve to explain, in part, why sulfapyndme 
may be effective even late m the course of pneu- 
mococac infection and even m the presence of 
massive bacterial mvasion of the blood Except 
for the influence of focal purulent complications 
and perhaps other factors influenang the general 
reactions of the body, sulfapyndme should exert 
Its benefiaal effects m every case mfected with a 
susceptible strain, provided the patient hves for 
several hours dunng which an effective concentra- 
tion of the drug is maintained Rapid destruc- 


tion of circulating bacteria could be effected by 
the use of immune serum, but for this purpose 
complement and an adequate number of intact 
leukocytes are probably essential (15, 16) 

SUMMARY AND CONCLUSIONS 

Growth curves in a favorable artificial medium 
and tests with human blood originally lacking in 
pneumococcidal properties indicated that sulfapy- 
ndine has considerable bactenostatic and bacte- 
nadal action on pneumococa The degree of 
bactenostasis or of bactencidal acbon depends on 
the concentration of the drug and the number of 
pneumococa inoculated Under the conditions of 
these experiments, growth invanably occurred be- 
fore the sulfapyndme exhibited its effect 
Type-specific immune serum confers marked 
pneumococadal properties on fresh human blood 
onginally lacking in such properties Both the 
sulfapyndme and the immune serum are effective 
in normal human blood and in the blood of pa- 
tients "with pneumococac pneumoma The com- 
bination of small amounts of serum and sulfa- 
P3n:idme is more effective than either agent used 
separately in the same amounts The destruction 
of pneumococa m the presence of immune serum 
is rapid whereas the action of sulfapyndme is con- 
siderably delayed 

The immunological studies were carried out with the 
techmcal assistance of Mildred W Barnes and Claire 
Wilcox. The chemical determinahons were made by 
Margaret A Adams and Nancy E. Marean 
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In a separate comraiinication (1) we presented 
observations on the effect of sulfapyndine on the 
growth of Types I III, and V pneumococci m a 
favorable artificial medium and m human blood to 
which It IS added m vitro or which is obtained 
after its admimstraton The chemical was shown 
to have marked bactcnostatic and considerable 
bactenadal action on these three types of pneumo- 
coca The mediamsm of action of sulfapyndine 
was found to differ fundamentally from that of 
homologous ^T>es of specific immune serum The 
action of tlie latter occurs only in tlie presence of 
phagocytic cells and is most effective m freshly 
shed blood The action of the former is mde 
pendent of the immune mechanism Immune 
serum was found to exert its bactenadal effect 
rapidly whereas the action of sulfapyndme was 
considerably delayed and could not be demon 
strated m any instance imtil after growth of 
pncuraococa bad occurred When small amounts 
of immune scrum were combined with low con 
centration of sulfapyndme, the bactenadal action 
of fresh blood occurred rapidly and was greater 
than when either of these agents was added sepa 
lately m comparable amoimts In the present 
paper are presented the results of immunological 
studies m patients witli pncumococac pneumonia 
who were treated with sulfapyndme. These 
studies were earned out m an attempt to elua 
date the relationship if any, of the immune state 
to the mechamsm of recovery from pnueraoma m 
patients treated with this drug Because of the 
wide vanations m the antibody response of dif- 
ferent patients to mf ections even of the same type 
and without serotherapy or chemotherapy and be- 
cause of the pauaty of available data the results 
are presented for each type m considerable detail 

MATERIALS AND METHODS 

The patlenU itudied were ah admitted to the meduad 
wards o{ the Boston City Hospital during the 1938 to 
1939 season. Only patienU with clmtcal and x ray evi 


dcnce of pneumonia are included. In each Instance a 
type specific pneumococcus was obtamed from the spirtum 
on one or more occasions. Blood cultures were tak^ be- 
fore and at frequent intervals after therapy was begun 
When positrvc cuJturcs were obtained from blood or from 
mfected exudates the type of pneumococcus found con 
firmed the sputum findings m each instance. The clinical 
aspects of the treatment arc left for separate considera 
tion and only relevant data are included. The immuno- 
logical and chemical methods were the same as those used 
in other recent studies m thu laboratory (1) Control 
tests with heterologous types were earned out in many 
instances. Most of these were negative and arc not re- 
ported unless relevant Blood ^vas obtained for culture 
and for the vanons immunological tests before treatment 
with sulfapyndme or with serum was started. In almost 
every instance where these agents were used in sequence 
blood samples were taken before the adnumstrabon of 
each was begun. Further samples of blood were taken 
at ratervali after the onset of therapy In those bloods 
taken during the course of rulfapyridlnc administration 
determinations of the concentration of this drug m the 
blood were done in addition to the immunological tests. 
Only a small number of cases treated with the combina 
tun of sulfapyndine and serum are included. The them 
peuUc scrums used were mostly rabbit senitns furnished 
by the Lederle Laboratones for clinical tnal 

RESULTS 

The baetenadal tests were earned out only m 
a limited number of cases of Types I, HI, V, and 
VIII pncumococac pneumonia and protection 
tests \vere done m cases witli these types and also 
m a few Type II and Type VII cases A total 
of 216 cases due to these 6 types \vas studied 
with protection and agglutination tests including 
87 m which bactenadal tests were also done. 
The cases to be presented m the tables arc selected 
as examples of the vaneties of response noted with 
each of the types. The studies m the remammg 
types were limited to tests for agglutinins The 
results will be presented separately for each of the 
6 common types 

Type I Cases The results of the vanous tests 
m these cases are fisted m Tables I and II and 
arc 5 ho\vn graphically m Figures 1 and 2 Cases 
179 
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TABLE I 

Results of tmmunologtcal studies tn patients loith pneumococcus Type I pneumonia treated wth sulfapyridine or with the 

cotTtbtnaiton of sulfapyrtdinc and sp^xfic scrum 
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Explanaiiou of tables S P == sulfapyridine Tr ** trace Serum Th u » thousand units 

Day of dtseast and day of Urmxnatum Wherever relevant, the number of hours after onset is indicated Italics 
mdicate actual day of the disease 

Blood culture -j- “ growth of homologous type pneumococcus, 0 no growth, numbers mdicate colomes per cc 
of blood in a^ pour plates 

Growth xnhibitum Numbers represent largest moculum which failed to show color change 
Pneumococci killed Inoculum which yielded no growth m agar pour plates after 4S hours* incubation in blood 
protection Largest number of lethal doses protected by 0 2 cc of serum, 10* X 4, 10* X 10, etc. indicates protection 
a^inst 10* lethal doses by 0 2 cc of 1 4, 1 10 dilution of the original serum, respecUvely 

Agglutimns The greatest final dilution of serum showing floccular agglutination 
Cr£fxr Time when temperature first dropped below lOO'^^F with improvement in symptoms 
Same, with fever persisting 
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m which the data arc inadequate arc excluded 
from the tables but the individual observations are 
included m the figures The results of tests 
made with blood obtained after scrum therapy are 
excluded from the figures 
In Table I are listed the data on 8 patients who 
were studied with pneumococadal and phagocytic 
tests These cases were chosen to illustrate both 
the variations occumng m the immune state be- 
fore treatment as well as to give some indication 
of the variety of responses noted to treatment with 
sulfapyndme alone or to the admimstration of 

TABLE n 


EssvUj 0/ homclcioiu proUciten and auluitnahon UsU tn 
addUwnal caw of pnrumococcus T^f>* I pneumonia 
treaUd vnik tulfapyndine 
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TABUS n — Conhnued 



the corabmabon of sulfapyndme and scrum 
Some of the patients had pneumoco(xal activity 
m their blood before treatment, In some in- 
stances (Numbers 4 and 8) mouse protective anti- 
body was demonstrated before the institution of 
therapy In the control tests done on the bloods 
taken before treatment when inhibition of growth 
or killing look place both occurred to the same 
degree and this was irrespective of the presence 
of protective antibodies or agglubmns This 
parallelism between growth inhibition and killing 
was also evident when other antibodies (protcc- 
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tion, agglutinins, opsomns) were acquired either 
spontaneously or after the administration of 
specific serums In the bloods taken following 
sulfapyndine therapy, the extent of inhibition and 
of killing was not always parallel in the absence 
of other antibodies This lack of parallelism is 
even more evident with respect to growth inhibi- 
tion after 24 hours, as wll be seen later While 
growth inhibition and killing occurred following 
sulfapyndine therapy in the absence of other anti- 
bodies, these activities occurred to a considerably 
greater extent m the presence of the other anti- 
bodies 

Four patients who were treated with the com- 
bination of sulfapyndine and serum are included 
m Table I One of these (Number 5) had a 
severe infection with a massive bacteremia , serum 
and sulfapyndine were started almost simultane- 
ously, a balance of antibodies was rapidly estab- 
lished and maintained and the patient recovered 
In the otlier 3 patients specific serum was given 
at varying intervals after therapy with sulfapy- 


ndme was started because the clinical response 
was considered inadequate Two of these 3 pa- 
tients died At the time serum was started in one 
of these cases (Number 6) the concentration of 
sulfapyndine in the blood was low, bacteremia 
was still present and extension of the pulmonary 
lesion had occurred Pneumococcidal tests were 
not done immediately before the admimstration of 
serum m this case but a high titer of antibodies 
was established and maintained after serum was 
given, and the drug had to be omitted because of 
excessive vomiting The patient developed em- 
pyema and died at the end of the third week of 
illness with a complicating hemolytic streptococcus 
septicemia In the other fatal case (Number 8) a 
rapid downhill course continued after sulfapyn- 
dine was given Serum treatment ^vas under- 
taken when the patient was in extremis and death 
occurred shortly thereafter In spite of the un- 
favorable course in this case it was found that 
protective antibodies and some opsomns had de- 
veloped at the time serum treatment was msti- 
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tuted The blood of the fourth patient (Number 
7) had pneumococcidal power before treatment 
and this mcrcased after snlfapyndine and before 
scrum was given Cnsis ocoirred 12 hours after 
the first dose of serum and 31 hours after the first 
dose of sulfapyndine- The relation of pneumo- 
cocadal activity to the presence of agglutinins and 
protective antibody ^vas the same regardless of 
whether the latter antibodies were mjected or 
actively acquired 

The results of tests for mouse protection and 
agglutmms in Z6 other patients are given m Tabic 
II Here it is seen more clearly that these anti 
bodies do not appear comcident with sulfapyn- 
dme-induced crises This is particularly true 
with respect to the agglutinins. Patients m whom 
mouse protection was present before treatment 
are excluded from this table but the results of 
such tests are given m the figures 

A study of Figures 1 and 2 indicates that mouse 
protective antibodies were mfrequent before the 
fifth day of the disease and agglutinins rarely oc- 


curred before the sixth or seventh day When 
such antibodies were present early they occurred 
wth similar frequency m bloods obtamed before 
or after treatment For example on the sixth 
day (Figure 1) 7 of 12 patients tested either 
before or withm 24 hours of the beginning of 
treatment had protective antibodies On this 
same day 11 of 14 patients who had already re- 
ceived therapy for more than 24 hours had mouse 
protective antibodies All of the tests done on 
the seventh day or later, but before treatment, 
showed the presence of some protective antibodies 
In most of the patients in whom treatment ^va3 
begun after the seventh day agglutinins were not 
found m the blood before treatment These were 
severe cases and most of them died Recovery 
was associated ivith the development of protective 
antibody m each instance except m Case 12 Ag 
glutimns were not demonstrated m this and m 2 
other cases (IS and 24) In the latter there ^vas 
a massive bacteremia before treatment empyema 
developed and death occurred after the blood 
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case before treatment arc noted m the table. 
These results may be mterpreted as mdicating 
that large amounts of antigen ^vcre neutralized m 
the blood temporarily by the addition of scrum 
This probability is further suggested by the drop 
m the agglutimn titer during the 8 hours between 
the 2 tests done after treatment The preliminary 
scrum showed a very dense prcapitate when 
homologous antiserum was added — even with high 
dilutions of both the patient's scrum and the spe- 
cific T}^ II antiserum. Studies similar to the 
ones presented here have in the past been earned 
out on patients treated without sulfapyndinc and 
have been previously reported (2 3 4) 

Type V Cases In Table IV are listed the re 
suits in 6 patients m whose blood bactenadal and 
opsomc tests were earned out These mcluded 3 
patients with vanous titers of mouse protective 
anbbody m serum obtamed before treatment 
This protection was assoaated m each instance 
with moderate to high bactenadal titers. The 3 
patients whose scrum lacked mouse protection be- 


fore treatment also had no appreaabic pneumo- 
cocadal activity m the blood at this tune. Pro- 
tection was present m some instances early m the 
disease without high titers of opsomns (Cases 4, 
S) In Case 1 natfacr protection nor agglutinins 
developed durmg the penod of observation At 
the begmnmg of the seventh day however this 
patient bad good pncumococadal activity and op- 
somns m his blood in the absence of arculatuig 
sulfapyndinc. Such action was not demonstrable 
m the control blood taken before treatment. 

Of 8 other Type V Cases which are shown m 
Table V the scrum of 2 had protection against 
1 000 or more fatal doses and m 1 there was pro- 
tection against 10 fatal doses before treatment 
Protective antibody m all the cases developed or 
mcreased on the sixth day or later and m every 
instance this occurred after crisis (Figure 3) 
Agglutinins usually appeared or increased after 
the sixth day (Figure 4) 

Serum treatment supplemented sulfapyndine m 
3 of the 14 cases shown in the tables In Case 6 
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EXPLANATION OF THE FIGURES 

In Figures 1 to 4 open circles or triangles represent tests done before any sulfapyridme treatment was given, 
solid ones represent observations made more than 24 hours after the first dose of sulfapyridme and the ones half 
open and half solid represent observations made dunng the first 24 hours of treatment 
The solid Imes serve to connect the tests made m mdividual patients These lines are omitted for the sake of 


clanty from the charts of the Type I cases The sohd 
Observations made after serum treatment are omitted 
+ — fatal case, 

the patient showed less fever following sulfapyri- 
dme therapy The drug was not well tolerated 
and the patient again appeared ill for about 36 
hours after drug was discontinued He was then 
given serum and became afebrile and symptom- 
free within 8 hours after the first injection The 
other 2 cases appeared to be severely lU when 
treatment was begun and both serum and drug 
were started about the same time Neither of 
these 2 patients had blood stream invasion before 
treatment, indeed, one had a good titer of anti- 
bodies at the time 

More detailed titrations of the amount of pro- 
tective antibody present after crisis were made in 
the serum of 4 patients treated with sulfapyridme 


bar mdicates the time of crisis. 


alone and, for comparison, in 2 other patients 
shortly after specific serum treatment Only 
bloods m which 02 of a cc of serum protected 
against 1,000,000 fatal doses m preliminary tests 
were chosen for these more detailed titrations 
In the 2 patients treated with speafic serum 
(Numbers 6, 14) the titrations showed 125 and 
250 units per cc of blood 16 and 18 hours, re- 
spectively, after the first injection of serum 
Each of the 4 non-serum treated cases had 20 
umts or more In Case 7, the titer rose from 20 
to 125 units and in Case 10 from 50 to 250 units 
after the ninth and twelfth days respectively 
Previous studies on the antibody response of 
patients with Type V pneumoma treated without 
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TABLE V 


Addtltonal patients with pneumococcus Type V pneumonia 
irtaied vnih sulfapyridine 
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serums or active chemicals have been reported 
from this laboratory (4) 

Type VII Cases In this type as in the Type 
II Cases, pneumococadal tests were not earned 
out because of the high titers regularly demon- 
strable before and during the course of treatment 
Protective antibodies, as previously pointed out 
(5, 6), are also frequently present m high titers 
early in the course of pneumonia due to this type 
of pneumococcus The same is not true, how- 
ever, for homologous agglutimns Most of the 
patients m whom blood taken before sulfapyn- 
dine treatment showed protective anbbody were 


not followed further and are not shown m the 
table 

In Table VI are listed the results of protection 
and agglutination tests in 15 cases of Type VII 
pneumococcus pneumonia Eight of these pa- 
tients had protective antibodies in vanous titers 
in the early serum taken before treatment In 
the 5 patients whose blood showed no protection 
before therapy, such antibodies appeared in ap- 
preaable titers only after the sixth day This 
was after the time of crisis in each instance Ag- 
glutinins appeared on the sixth day or earlier in 
only 2 of the 13 patients who did not receive 
serum and 1 of these 2 patients had protective 
antibody prior to treatment 

Serum treatment supplemented chemotherapy 

TABLE VI 


Patients with pneumococcus Type VII pneumonia treated 
vnih sulfap^idine 
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VIII pneumonia are shown m Tables IV and VII 
Bactericidal tests were done before treatment in 
a number of cases but all of the bloods tested 
showed marked pneumococadal properties at this 
time and further tests were not carried out in 
most instances The results m 2 cases in which 
the tests were earned through after treatment are 
shown m Table IV These results were essen- 
tially the same as m the cases of other types 
Mouse protective antibody was demonstrated 


before treatment in 7 cases In 5 of these pa- 
tients, however, the blood protected against only 
10 lethal doses early in the disease and this titer 
either remained the same or was no longer demon- 
strable in a later test In the 2 patients who 
showed protection against 100 and 10,000 fatal 
doses (Numbers 13, 14) the earliest tests were 
done on the seventh and sixth days, respectively 
Protection developed in all the other patients in 
vanous degrees and at the usual time Agglu- 


TABLE vm 

Falt^nts unth pneumococcus Type III pneumonia treated vnfh sulfapyndine or vnih the coTnbtnaiton of sulfapyrtdtne and 

specific serum 
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137 


62 

83 


10 

05 

0 

0 



161 


80 

99 

■ il 

10* 

05 

0 



10 




■ ll 

10* 

05 

0 

0 



13 







0 

0 



16 




10* 

10* 

0 

10 

2 



23 







0 

0 



108 

0 



0 

0 

0 

0 

0 

Cnsis 

123 

120 

+ 

45 

50 

10* 

0 

0 02 


0 



8 

0 

90 

11 2 

10* 

10* 

004 

0 

0 



13 


43 

55 

10* 

10* 

03 

10 




58 

0 



0 

0 

0 02 

1 0 

1 0 

1 Crisis 

71 

71 

0 

43 

43 

10* 

10* 

0 

1 0 

, 0 

1 

1 

120 


95 

12 9 

10* 

10* 

0 

1 0 


1 

9 


Tr 

Tr 

10* 

10* 

0 28 

0 

2 



12 



10* 

10* 

0 32 

1 0 

1 0 



89 

0 



0 


0 22 

0 

0 

1 Crisis 

109 

98 

0 

32 

46 

10* 


1 0 32 

0 

0 



123 


50 

90 

10* 

10* 

1 0 20 

0 



n 


0 

0 

0 

0 

0 

0 

0 



170 

0 





1 

0 

0 

A 

Died 

39 

180 

+ 

25 

25 



; 1 1 





10 

0 

7 8 

87 

10“ 


10 

0 



16 

0 

20 

28 

10* 

10 

0 



ZO 

31 

0 



0 

0 

, 0 08 

0 

0 

0 

0 



46 

0 



1 10» 

10* 

0 08 

0 

0 

Crisis 

72 

66 1 
Q 

35 

42 

10* 

1 



10* 

10* 

2 

32 










10* 

32 
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TABLE vni^ — CcnUnued 



* Irrational 2nd to 4th day after cruu. 

No protection with homologoui rtrain in each instance 
Develop^ perditent nitro«n retention and edema after S day* of treatment 
Same reault* in op*omc and IdlUnjf test* with blood culture stra^ 

Recurrence after 6 month*. No protection with ■putum strain. 

Alcoholism and delirium tremens. 

•• Druji given intermittently 

timns were not demonstrable in 2 of the patients 
(Numbers 1 and 4) the last observation having 
been made on the eleventh day m each instance 
These antibodies usually did not appear until the 
seventh day or later In 1 of the 2 cases m which 
agglutmins were found on the fifth day or earlier 


(Number 9) the time of onset ^va3 not well de- 
fined and may have been several days earlier than 
IS indicated m the chart In Case 8 the only spe 
afic therapy consisted of an intravenous injection 
of a glucose sulfapyndme solution cpntaimng the 
equivalent of 5 grams of sulfapyridme. This pa- 
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tient unproved gradually and was symptom free 
within 28 hours after the mjection but protective 
antibodies did not appear imbl 8 days after the 
patient was af ebnle The solubon used was prob- 
ably inert when given mtravenously (7) 

Previous studies of the antibody response m 
pafaents with pneumococcus Type VIII pneu- 
moma treated without serum or sulfapyndine 
have been previously reported (8) They are m 
essenbal agreement with the present findings 
Type III Cases As shown m previous studies 
on pabents treated without serums or drugs (8), 


TABLE IX 


Additional pationis vnih pneumococcus Type III pneumonia 
treated vnih sulfapyrtdtne 


Sulfapyntfbtt 

therapy 


EesuUa of teats 


Termiimtioa 


^ 2 

J I •§ S'! I 

hcnSFM 

afia hours 
oniU 

15 M5S 110 32 9 

16 M 60 50 9 41 


17 F 32 66 4S U 


18 M 47 77 40 11 


Blood o 

2 g sulfa g 

§ 3 pyridine -g 

2 3 ^ 

1 1 1 1 I 


I jagnu per ( 
100 cc. 


110 0 1 
142 3 6 


77 0 

122 0 4.7 5,4 
5 0 Tr Tr 
11 
19 


0 0 Ijsu SS 

10 * 8 


50 0 0 

74 0 0 

121 9D 101 10* 

m Tr L4 10 


9Ji 10* U-+ 


0 Lyrist 4-15 
0 
0 
64 


66 0 0 

SS 0 L2 6.7 0 

5 Tr L8 0 

8 10 * 


0 Criria 73 

0 

0 


0 0 

0 0 

10 * s 

10* 32 


0 Lysis 84-116 
0 


19 F 63 8 lOS 25 


20 F 43 23 84 


8 0 

9 0 6.6 9,5 
10 6.6 lU 

J3 
16 


36 0 L9 2.8 
5 LS 4.9 


0 0 Cnau 9 

0 

0 0 

0 0 

0 0 

0 0 Cruis 51 

0 


21 M56 T 84 20 


22 F 52 7 J9 114 


0 Empy-I 
0 eznal 


-361 0 
0 0 

-f30 0 74 
4-76 8.0 9 4 

+7 
4-15 


7 4- 0 (0) 0 Empy 

8 4- L5 2JS 0(0) 0 ema 

9 0 U 3.2 0(0) 0 

11 0 2,0 4.2 0 (10*) 16 

IS 0 Tr 2J 0(10*) 8 

15 4- Tr 2.2 0 (0) 0 

fS 0 0 0 0(0) 0 

AJ 0 4.7 02 0(0) 0 

S4 0 0 (0) 


TABLE ix--Conttnued 


Sulfapjndme 

therapy 


EesulU of tests 


Temunstloa 


I 8 

1 1 I ll I 

hours 

after hours proas 
onset 

23 M72 T 108 27 


24 F 57 77 48 13 


Blood 5 

£ sulfa ^ 

I pyrHne 

1 t 

I § I I 


-2t 4- 0(0) 

4-24 0 5 9 07 0(0) 

4-91 14.5 16J 0 (0) 

+5 4.9 7Jl 0(0) 

4-10 0 (0) 

4-15 10 (0) 

4-SO (KO) 

+54 0 (0) 

77 0 0 (0) 

121 0 4.4 ea 0(0) 


0 lysis 4*40 
0 


0 Cnris 06 
0 7 Re- ff-lfl 

0 bp6fl 


25 M 65 70 4S 12 


26 F 24 1105 54 16 


27 F 50 30 72 16 


63 0 io»(io»: 

71 0 10* (10*: 

103 6.6 8,7 10 (10) 

8 Tr Tr - (0) 

15 0 (1) 

108 0 10* 

145 aa 9J} 10* 

10 10 * 

19 10* 

30 0 0 

530 0 7J9 101 0 

72 0 52 92 10* 

97 2.1 4.7 10* 

9 10* 


10* (10») 8 Lyris 5-14 

10* (10*) 4 


0 (Mris 139 
2 
2 
0 

0 Crisis 68 
0 


28 F 39 25^ 37 8 


25 0 0 0 Cririi 51 

37 0 3A 4.5 10* 32 

115 5D 82 8 

7 42 52 10* 4 


Numbers m parentheses represent protection with 
patient's own pneumococcus 

{ Vomiting and irrational on 6th to 9th day 
From bc^^m^ of treatment 
§ Otitis media (Pn III) before treatment 
)| Blood 2 hours before 60,000 units of serum given in 
5 hours, 

^ Serum started at same Ume, 320,000 units given in 
6 hours* 


and on pabents treated with sulfanilamide with 
or without serum (9), the antibody response to 
Type III pneumococcus pneumonia is consider- 
ably more variable than in other types The same 
variability of response has been found in the 
cases treated with sulfapyndine In Tables VIII 
and IX are presented the results of the vanous 
anbbody determinations in 28 of the cases due to 
this type that were studied These cases wll 
serve to illustrate the vanety of the responses 
noted The findings m the 14 cases on whose 
blood bacteriadal and opsomc tests were earned 
out are shown in Table VTII They mclude 4 
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patients treated with serum in addition to sulfa- 
pyndme* One-half of the cases tested had bac- 
tenadal activity in the blood before treatment 
was beguru In 2 of them (Numbers 8, 9) the 
early pncumococadal action was associated with 
mouse protection and in 1 there were agglutinins 
demonstrated at the same time. 

The findings m all of the cases were similar 
m most respects to those previously reported in 
cases of Type III pneumococcus pneumonia when 
sulfanilamide was used mstcad of sulfapyndine. 
However, there was one significant difference. 
In the bloods obtamed following sulfanilamide ad- 
ministration, but before the development of beat- 
stable antibodies (protection agglutinins, op- 
sonms), there was marked bactenostasis but Uttle 
or no bactcnadal action was demonstrable. Af- 
ter sulfapyndine therapy on the other hand high 
de^ecs of Jailing occurred when the concentra- 
tion of the drug was high and moderate numbers 
of pneumococci were killed in the bloods which 
had low concentration of sulfap 3 Tidme 

A few findings of interest m some of the cases 
may be mentioned. In Case 4 pneumococcus kill 
mg was absent before treatment This property 
was present dunng the administration of sulfa- 
pyndme and persisted after treatment when the 
drug could no longer be demonstrated m the ar- 
culation and m spite of the fact that no other anti 
bodies were demonstrable. In Cases 5 and 6 
pncuTOOcocadal action was no longer demonstra 
ble after the sulfapyndine was discontinued In 
Case 6 there were no prelimmary tests done be 
fore treatment was begun However the blood 
culture taken at the tunc of the first dose of sulfa 
pyndine was sterile and the second one taken 10 
hours later was positive for Type III pneumo- 
coccus, In this case mtrogen retention and edema 
developed following sulfapyndine treatment and 
after the pncumococac infection had apparently 
subsided completely Death occurred after sev 
eral weeks and resulted for the most part from 
this complication. In Case 10 observations con 
tinued for 4 weeks dunng which tune no agglu 
tinins or protection developed and the titer of 
pneumococcus kilhng dropped below its onginal 
level after the sulfapyndine was discontinued 
Case 9 IS of speaal interest since m this case 
there was a recurrence of Type III pneumococcic 
pneumonia after an interval of 6 months The 


blood culture was positive dunng the first attack 
but blood taken at this time and before treatment 
showed considerable pneumococadal action and 
some mouse protection High titer of protective 
antibody and agglutinins developed after the 
symptoms subsided. The patient ivas not seen 
during the second attack unbi the middle of the 
third day of illness X rays which after the first 
attack had shown the lesion m the lung to have 
cleared, again showed pneumomc consolidation 
The sputum was rusty and showed Type III 
pneumococci in pure culture but the blood culture 
taken at this time was sterile. Studies of the 
blood at the same time showed only a mimmum 
of pneumococadal action and no agglutinins or 
protection None of these antibodies developed 
dunng the next 3 days although the symptoms 
subsided rapidly and completely and the patient 
left the hospital shortly thereafter 

Among the 28 cases hsted m Tables VIII and 
IX no protective antibodies could be demonstrated 
m any of the tests m 6 cases and protection against 
10 fatal doses developed in 4 others Agglutinins 
were not demonstrated m 8 cases and only mini- 
mum titers developed m 4 others Protective 
antibody occurred on or before the sixth day just 
as often m bloods taken before treatment as m 
those obtamed 24 hours or more after the be- 
ginning of sulfapyndine therapy Agglutimns 
usually developed on the sixth day or later and 
this was true regardless of whether or not sulfa- 
pyndine had previously been instituted 

In 5 patients protection tests were earned out 
on the same serums with both the stock and the 
homologous St ram of Type III pneumococcus ' 
In 4 of these cases (Numbers 5 23, 24 25) the 
results were m essential agreement In 1 case 
however protective antibodies were demonstrated 
on 2 occasions with the homologous strain but not 
with the stock strain Agglutinins, on the otlicr 
hand were demonstrated with the stock strain m 
both of these blood samples 

T/irff hour tests 

In a number of cases m which bactcnadal tests 
were done plates were poured from duplicate 

1 The hamologons strains were passed through mice 
daily for 2 or more weeks and were of maxumjm viral 
cDce at the time of the tests. 
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tubes of blood inoculated with vanous numbers of 
organisms after 3 hours' rotation in the incubator 
The results m a representative group of cases, 

TABLE X 

R£5nlts of 'Uhrce-Iwur pntumococcidcl tests** tn patients vnth 
pneumococcus Type III and Type V pneumonia 
treated with sulfapyndine with or without 
specific immune serum, and a com- 
parison With other atUtbodies 


1 

1 

1 

Growth 

Inhibi- 

1 


1 

§ 


Rcsnlta of 3 hour tc»t 

1 * 

•S| 

tion 

Zi 

tJ 3 

TJ 

T3 

5 

3 

Number of colonics 
from original 
inoculum of 

•a 1 
o j 

oi- 

i ! 


p 

5'^ 

a 

CJ 

*3 

e 

a 

Q 1 

|5 

J 

00 

^ 1 

1“ 

1 

o 

1^ 

< 

1 10» 10* 10* 10* 


TYPE in CASES 


1 

116 


0 

0 

0 

0 16 

0 

0 



00 

680 


140 

11^ 

10» 

10* 

10* 

0D2 


0 

00 


4000 

0 


168 

10^ 

10* 

10* 

10* 

0 

0 

0 

CO 


0 

0 


10 

9 1 

10* 

10* 

10* 

1 4 

10* 

32 

360 


2 



H 


10* 

10* 

10* 

++ 

10* 

16 

81 


1 


2 

116 


0 

0 

0 

09 

0 

0 




1500 


137 

62 

10* 

10« 

10 

03 


0 


00 


800 


161 

8D 

10* 

10* 

10* 

03 

0 

0 


00 


2000 


10 


10* 

10* 

10* 

0 5 

10 

0 


00 


0 


16 


10* 

10* 

10* 

0 

10 

2 


340 


0 

3 

108 


0 

0 

0 

0 

0 

0 


00 


2000 


120 

4J 

10* 

10* 

0 

OJ02 


0 


00 


1600 


8 

90 

10* 

10* 

10* 

0i)2 

0 

0 


0 


0 


13 

43 

10* 

10* 

10* 

032 

10 

4 


6 


0 

4 

5S 


0 

0 

0 

0 02 

0 

0 




1200 


71 

4J 

10* 

10* 

10* 

0 


0 


00 


61 


120 

9J 

10* 

10* 

10* 

0 

0 

0 


87 


0 


9 

Tr 

10* 

10* 

10* 

0 28 

0 

2 


22 


0 


12 

j 

10* 

1 10* 

1 10* 

032 

0 

1 0 



1 

0 

5 

\ 


> 0 

, 0 

0 

, 032 

, 0 

0 


1 °° 


: 400 


98 

SJ. 

10* 

10* 

0 

032 


0 


CO 


95 


123 

59 

10* 

10* 

10* 

030 

0 

0 


' CO 


61 


1 '' 

0 

, ° 

0 

0 

0 

0 

0 


CO 


400 

8 

35 


10* 

10* 

10* 

0 46 

10* 

2 


0 


0 


1 57 

1^ 

1 10* 

10* 

10* 

0 16 

0 

2 


5 


0 



0 

10* 

10* 

10* 

5 1 

10* 

16 


0 


0 

9a 

65 


10 

10 

10 

0 16 

0 

0 


00 


36 


142 

29 

10* 

10* 

10 

036 

0 

0 


00 


7 

10 

29 


10* 

10* 

10* 

036 

0 

0 

1200 


0 

0 

14 

1 30 


10* 

10* 

10* 

0 10 


0 

00 


0 

0 


51 

79 

10* 

10* 

10* 

0B6 

0 

0 

2000 


5 



! 5 


10* 

10* 

10* 

+ 

10* 

16 

4000 


79 

1 


, 


10* 

10* 

10* 

+ 

10* 

32 


66 


0 


TYPE V CASES 


2 

74 


10 

10 

10 

0 74 

0 

0 



15 

8 


135 

33 

10* 

10* 

10* 

0 

0 

0 



0 


11 


10* 

10* 

10* 

36 4 

10* 

2 


2000 

IS 

0 

3 

96 


10* 

10* 

10* 

138 

10 

0 


10 


Q 


107 

43 

10’ 

10’ 

10’ 

134 

0 

0 


3 


0 

4 

86 


10* 

10* 

10* 

0 96 

10* 

0 


320 


0 


96 

S3 

10* 

10* 

10* 

060 


0 


33 


0 


120 

5 6 

10* 

10* 

10* 

030 

10* 

2 


400 


0 

6 

20 


0 

0 

0 

13 

0 

0 


03 


0 


43 

53 

10* 

10* 

10* 

038 

0 

1 ^ 


2000 


0 


65 

Tr 

10* 

10* 

10* 

0 70 

10 

1 0 

1 

9 

1 



88 

0 

10* 

10* 

10* 

15 4 

10* 

16 


20 


' 0 


10 

1 

10* 

10* 

10* 

-I- 

1 10* 

1 ® 

1 

1 

! 

1 ° 


* Case nunabers are same as in Tables IV and VIII which 
have the relevant data concertung treatment and outcome* 


9 of Type III and 4 of Type V, are listed m 
Table X These results show clearly that, dunng 
the course of treatment, pneumococcus killing due 
to the action of sulfapyndine and that due to the 
immune state may be differentiated by the results 
of the tests Where there is marked bacteno- 
stasis early and only slight killing after 4S hours 
the effect is probably due wholly or in part to 
sulfapyndine Where there is killing in 3 hours 
this IS due to the immune properties of the serum, 
these being either acquired spontaneously or intro- 
duced passively The mechanism of the pneumo- 
coccidal action when kiUing of large numbers of 
pneumococa occurs can be readily differentiated 
m this manner 

These findings emphasize agam the fact that 
the destruction of pneumococci m the presence of 
immune bodies is rapid, while such killing when 
it IS due to the presence of sulfapyndine is con- 
siderably delayed 

Agglutinin response tn sulfapyndine-treated cases 
of pneumonia associated with other 
types of pneumococci 

The antibody response of patients with pneu- 
moma due to types of pneumococa other than 
those already dealt with who were treated without 
specific serums or chemicals has been reported 
previously (5) The results of tests for agglu- 
tinins m sulfapyndme-treated cases of pneumoma 
due to pneumococa other than Type I, II, III, V, 
VII, or VIII are hsted m Table XI Patients 
who received speafic serums m addition are omit- 
ted from this table In general the results, as far 
as can be ascertained from the small number of 
cases, did not differ materially from those for- 
merly obtamed in the untreated cases A few 
findings of interest may be noted Homologous 
type-specific agglutimns developed in only 21 of 
the cases Two of the bacteremic cases who re- 
covered, Numbers 13 and 39, were among the 
ones m whom agglutimns were not demonstrated 
although the last tests in these cases were done 
on the thirteenth and sixteenth day respectively 
Among the patients who developed agglutimns 
these antibodies were first demonstrated on the 
fifth day m 3 cases and on the seventh day or later 
in the others In 2 of the cases who developed 
the antibodies early (Numbers 12 and 14) mim- 
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for bomologcus typ* of piuumococcus tn ttdfapyrvitfur treaUd paH*nU vnth pncumonta du* to pnoutnococn of 
types other than I, if III V VII or VIII 



Blood cnltare 
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TABLE \l—C07Utntud 



U9 

a 

T3 

§ 

H 

M52 

X 

M62 

XI 

F 19 

1 

1 

XI 

M37 

XI^ 

F 80 

XI 

M32 

XII 

F 64 

XIV 

1 

1 

M 74 

XIV 

F 17 

XIV 

M57 

XIV 


Treatment 

days gramj 

4- 42 

12 


7- 26 
11 


Termination 

o 

•g 



Q 

Crisis 

7 

Crisis 

3 

Cnsis 

5 

Died 

13 

Lysis 

3 

Crisis 

7 

Died 

7 

1 

Died 

1 

34 

Crisis 

5 

Crisis 

7 

■ 



0 0 34 F 53 

0 0 


0 35 F 31 


8 36 M 34 


37 M 44 


0 38 M59 

0- 


1 240 0 

+ 0 


1303 0 

0 0 


39 F 65 I 


Termination 


Treatment 


days jrami 

4r-9 26 Crisis 8 


7-9 11 Crisis 


4-6 1 13 Crisis 


5-7 12 Crisis 


4- 32 Lysis 

10 


5-7 I 10 I Crisis 


. § = 


111 

Q « < 


4 0 0 

6 0 

9 0 

12 0 


6+4 0 0 

6 0 0 

10 0 

15 0 

19 0 

6 4 + 0 

5 0 0 


8 40 M 63 XXIX 


?3 41 Lysis 11 

-10 (empy- 

ema) 


0 (HUiIF 13 
0 
0 


XXXI 5-7 11 Crisis 


3 0 4 

5 0 8 

8 0 2 


“ Slrepiococctis Iwnwlyttcus in same and subsequent sputa 
Sputum positive for tubercle bacilli 

* Memn^tis demonstrated on this day 

** Agglutinins for Type V pneumococcus (1 8) in this and later specimens None in previous ones All cases negative 
for 8 other types 

* Fever 12th to 21st day 

I Pleural fluid culture Pn XVIII on 7th and 11th day 
Agglutmins Pn I =*= 2, previous sera negative 

* Three bouts of fever, no agglutimns after 23d day (7 tests) 


mal titers were found, and in the third (Case 21) 
the antibodies were first demonstrated just before 
sulfapyndine treatment ^vas undertaken In 
Case 16 death occurred after agglutimns had 
developed 

Tests for heterologous antibodies were earned 
out with one or more types of pneumococa m 


every case and wth several of the frequent types 
m the serums of all patients who failed to show 
antibodies for the homologous type Agglutimns 
for heterologous types were demonstrated m only 
2 cases In Case 22 Type XIV pneumococa 
were obtamed from the sputum, homologous ag- 
glutinins could not be demonstrated but serums 
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obtained on the mnth day and later showed ag 
glutinma for Type V pneuraococa Such agglu 
tmms were not present in 2 earher serums In 
Case 32 a low titer of Type I agglutimns was 
foimd m the last serum tested. 

Two of the patients had other organisms in 
their sputa which were probably significant with 
regard to the pulmonary mfectiom Hemolytic 
streptococci were found to predominate m all 
sputa exaramed m Case 10 and agglutmins for 
the Type IX pneumococcus which was found m 
the earher examination of his sputum were not 
demonstrated m any of these scrums. However 
m Case 16, the sputum ^vas strongly positive for 
tubercle baaUi and also contamed Type XI pneu 
mococci Antibodies for this tj^jc developed dur- 
mg the disease but the patient died after a few 
days 

DISCUSSION 

When two agents of proven efficacy such as 
type-specific anti pneumococcus serum and sulfa- 
pyndme are available for the treatment of any 
severe or highly fatal disease such as pneumonia, 
it IS most unportant to determine the relative effi 
cacy of each agent under vanous conditions It 
13 equally important to detenmne whether such 
agents are more effective when used together than 
when used separately While the final test under 
such arcumstances rests m the careful analysis of 
the response of a large number of cases to ther- 
apy a close study of patients under treatment 
will reveal many of the factors mvolved m the 
action of each of these agents when used sepa- 
rately or m combmation Furthermore, while 
much can be learned from controlled studies of 
experimental mfections m animals the conditions 
m patients, particularly m cases of pneumonia 
can hardly be duplicated m animals It is for 
that reason that the present studies were under 
taken to supplement clinical studies m an attempt 
to elucidate some aspects of the problems of 
specific serotherapy and chemotherapy m the 
pncumococac pneumonias It has been sho^vn 
previously (10) and corroborated m the present 
studies that the blood of patients with pneumonia 
may exert bactcnadal action against the mfcctmg 
organism dunng the course of the disease. This 
bactcnadal action is independent of heat stable 
antibodies (agglutimns and mouse protection) 


In patients lacking this bactcnadal action the 
blood acquires the abihty to kill large numbers 
of the homologous pneumococcus at the time of 
recovery and m that event the pncumococadal 
action of the blood is usually associated wth ag- 
glutinins mouse protective antibodies and op- 
sonms These latter heat stable antibodies are 
also acqmred at tlie time of crisis or later by those 
patients who previously had pncumococadal 
power in the blood The heat stable antibodies 
may be mtroduced passively m the course of the 
disease and may thus bnng about an artificial 
cnsis This has been repeatedly demonstrated m 
the dmical use of speafic antipncumococac 
serums. 

Recent studies (11) which have been con- 
firmed and extended m this laboratory (1) have 
shown that sulfapyndme exerts marked bacteno- 
static and bactcnadal effects on pneuraococa m 
artifiaal media or when added to human blood 
in vitro The results of the present studies mdi 
cate that blood taken from patients dunng sulfa 
pyndinc therapy has bactenostatic and bacteri 
adal properties which parallel those found when 
comparative amounts of sulfapyndme are added 
to the blood in vitro This pncumococadal action 
of sulfapyndme has been found to be mdependent 
of the immune mechanism when the drug is added 
to blood in vitro and the same is here shown to 
be true m the blood of patients under treatment. 
In both the in x/itro experiments and in the present 
studies \vith blood taken during treatment it was 
shown that the effect of the combination of scrum 
and sulfapyndme is greater than when cither 
agent is used alone. 

The results of the 3 hour test arc of spcaal 
mterest It was shown previously (1) that the 
pncumococadal action of sulfapyndme is a dc 
layed action It depends on the growth of pneu- 
mococa The fewer the number of organisms 
present the more rapid the more certam and the 
more effective is the action of this drug The 
pncumococadal properties associated with the 
immune mechanism whether m natural antibodies 
such as are found m normal serum in acquired 
antibodies resulting from mfection or m anti 
bodies passively mtroduced m tlierapy all act 
rapidly The action due to the immune mech- 
anism 13 earned essentially to completion dunng 
the growth phase ' of sulfapyndme '1'^ 
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These findings would indicate very strongly 
that serum and sulfapyndine, at least with re- 
spect to their mode of action, are important 
complementary weapons m combatting the pneu- 
mococcic pneumomas Whether they are both 
actually necessary, and the conditions under which 
each or both may be most effective clinically, are 
not within the scope of the present discussion 

Aside from the importance of the mechanism 
of actaon, this paper is concerned largely with an- 
other phase of the use of sulfapyndine It is 
obviously important to know whether the immune 
mechanism is essential for recovery when a bac- 
tencidal drug like sulfapyndme is used Only an 
indirect answer can be given to this question 
The data presented indicate that, when speafic 
antibodies are present, recovery is more rapid 
They show further that recovery followmg sulfa- 
pyndme therapy is associated with the develop- 
ment of antibodies m the same manner as m the 
course of natural recovery without the use of the 
drug The antibodies develop apparently with 
the same frequency as m cases not treated with 
the drug It is not possible on the basis of the 
present data to determine with statistical accuracy 
whether or not the time of the development of 
antibodies is shortened imder sulfapyndme ther- 
apy as compared with the natural development of 
such antibodies m the course of infection If 
there is any difference it is obviously not very 
stnking and does not appear on the surface 

One problem directly faced by the climcian is 
whether the discontinuance of sulfapyndine treat- 
ment before the time of the development of anti- 
bodies has any influence on the further course of 
the illness and whether the occurrence of relapses 
is thereby encouraged Relapses have been noted 
dunng the course of sulfapyndine therapy and 
particularly when the drug has been discontinued 
early These relapses have probably occurred 
with more than the expected frequency If the 
findings here are of any significance m this re- 
spect they would indicate that such relapses might 
be averted by the early use of immune serum to 
supplement the drug 

SUMMARY AND CONCLUSIONS 

The results of immune studies in patients with 
pneumococcic pneumonia treated with sulfapyn- 


dine are presented A small number of cases 
treated with specific serums m addition are also 
included Bactericidal and phagocytic tests were 
carried out in many of the cases associated with 
Types I, III, and V pneuraococa 
The results of the bactenadal tests indicated 
that the blood of patients undergoing treatment 
with sulfapyndme has marked bacteriostatic and 
considerable bactenadal action on the homologous 
type of pneumococcus This effect was indepen- 
dent of the immune mechanism residing m the 
blood This action of sulfapyndme was the same 
as that noted when comparable concentrations of 
the drug are added to artifiaal media or to human 
blood tn vtiro The greatest and most rapid bac- 
tenadal activity occurred m the presence of heat- 
stable antibodies (agglutinins, protection, op- 
sonins) 

The results of tests for bactenadal action at 
the end of 3 hours mdicate that the pneumococ- 
adal action resulting from the immune mechanism 
IS exerted rapidly and is practically earned to 
complehon before any bactenostatic effect of 
sulfapyndme becomes evident 
The antibody response of patients with pneumo- 
coccic pneumoma treated with sulfapyndme, as 
far as could be determined was comparable m 
every respect to that resulting from spontaneous 
recovery Protective antibodies rarely developed 
before the sixth day and agglutinins rarely ap- 
peared before the seventh day of the disease 
Entirely apart from observed clinical results 
and only from the point of view of the mechanism 
of action of serum and sulfapyndine as observed 
m patients undergoing treatment, the combination 
of these two agents is the treatment of choice 

This study was carried out with the technical assistance 
of Mildred W Barnes and Claire Wilcox The chemical 
determinations were made by Margaret A Adams and 
Nancy E Maream 
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We have recently had available a solution con- 
taining a high concentration of sulfapyndine in 
50 per cent glucose which can be conveniently ad- 
ministered orally subcutaneously and intravcn 
ously (1) This offered an opportunity to study 
the effect of the route of administration of a drug 
containing sulfapyndine on the blood level and 
unuary excretion and to compare it with other 
derivatives of sulfamlamide. The results of tlie 
biochemical studies are presented m this paper 
The bactcnological and clmical results are pre- 
sented elsewhere (12) 

METHODS AND MATEHIALS 

Four subjects were studied. They were mainUined on 
a. bouse diet and their average fluid intake was about 3 
hters daily There was no demonstrable kidney damage 
present m any of these patients. In the case of Subject 
B who is reported in detail, the phenoUulfonphthalcin 
excrcUon was normal and shoived no change after the in 
vestigation was completed. In no msUrtce did vomiting 
occur following the adminlstratum of any of the drugs 
investigated nor was there any diarrhoea during the 
period of observation. Subject A was a 26'y ear-old 
white man weighing 127 pounds (S8 kgm.) auffermg 
from gonococcal arthritis. Subject B was a 43-year-old 
white male, weighing 152 pounds (69 kgm.) who bad 
arthritis thought to be of gonococcal origm. Subject C 
was a 62 year-old white male, weighing ISO pounds (68 
kgm.) who was under treatment for a parotid abscess 
which folbwed facial erysipelas Sidijcct D was a 39- 
year-old white male wcighmg 156 pounds (70 kgm.) 
who bad active gonococcal arthritis. 

The glucoic-sulfapyndrac solution used m this study 
was prepared for us by the Research Dtvuion of the 
Lederle Laboratories. It contained' per cent total 

'We ore mdebted to the Rescaich Divi^n of the 
Lederle Laboratories for assays on the drug They 
the glacose-sulfapyrldme compound to be a glucose anti of 
the general formula 

CH,OH(CHOH)*CH - N<( ^SQiNH N<^^ ^ 


lulfapyridlnc in 50 per cent glucose solution Approxl 
mately 97 per cent of the lulfapyndme was reported to 
be m the form of a glucose-iulfapyndme compound, as 
determined by a direct mtroui aod method. Hydrolysis 
of the compound takes place rapidly m the presence of 
cold dilute acids For this reason the colorimetric method 
of Marshall and Litchfield (3) cannot be used to deter 
mme the amount of sulfapyridme m corabinatioa with 
glucose either in the original solution or in the blood. 

During this investigation the glucose-sulfapyridme 
solution and sulfanilamide were admimstercd intravcn 
ously subcutaneously and orally sodium sulfapyridine 
ivas given intravenously and sulfapyridme was given 
orally Each drug was given m 475 gram amounts in 
500 mL of fluid. Physiological salme was used for the 
parenteral mjections and tap water for the oral doses. 
The mtravenons injections were given over a period of 
an hour the subcutaneous ones m about hours, and 
the oral doses were divided into 6 parts and given over a 
period of an hour Some of the studies were repeated m 
mdividoal subjects. 

All urine samples were saved. Speamens were ob- 
tained simultaneously with the blood samples as far as 
possible. Determination of sulfapyridme or sulfanila 
nude was made on all samples. Collection of urine was 
'jcoohmicd until it showed do appreciable amounts of the 
drug Before commencing a study of a second drug or 
changing the route of administration, a further period of 
24 hours was usually allowed to elapse. 

In vitro studies were conducted by adding sufficient 
amounts of the compound under mvcstigatfon to oxalated 
whole blood to give concentrations of the substance be- 
tween 8 and 10 mgm. per 100 mL The bcniatocnt was 
detemuned m each mstance and corrected for the oxalate 
cflfcct. Samples were removed at various tiroes and the 
concentration of the drug m the whole blood and plasma 
was detemuned. 

Determinations of sulfapyridme or sulfanQamide were 
made by Marshall and Litchfield s method (3) and 
glucose determinations by the method of FoUn and Wu 
(4) 

or 

CH,OHCH(CHOH), CHNH<( N<(^ )> 
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HOURS 

• SUBJECT A o SUBJECT B a SUBJECT C TOTAL — -VREE' 

Fig 1 Effect of Inteavenous Injection of Glucose Sulfapvridine on the Blood Level 


EXPERIMENTAL 

The effect of the tniravenoas administration of 
glucose sulfapyndine, sulfapyndtne 

and sulfanilamide on the blood level and 
unnary excretion of sulfapyndine 
and sulfanilamide, respectively 

The sulfapyndine concentrations of the blood 
in three subjects injected wth glucose sulfapyn- 
dine intravenously are shown m Figure 1 The 
data for subject B, ^Yho was given all the drugs 
by all the routes used in this study, are shoivn in 


Table I (This subject's excretion differed in 
some respects from the other subjects studied in 
spite of good phenolsulphonphthalein excretion ) 
Dunng the penod of administration the blood 
level of sulfapyndine rose rapidly, reaching levels 
between IS and 20 mgm per 100 ml of blood at 
the end of the injection The fall m concentra- 
tion of the drug was equally rapid, only traces 
being present in the arculating blood 11 hours 
after the mjection ended 

There was a nse in blood glucose comparable 
to that found after the intravenous injection of an 
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equivalent amount of glucose over a penod of 1 
hour (Table 11) However, this temporary hy- 
perglycemia was not accompanied by a glycosuna. 
The suifapyndine was rapidly excreted into the 
urme and was recovered completely m 24 hours 
Between U and 27 per cent was recovered while 
the mjection was still m progress. 

About 70 per cent of the drug was present in 
the unne in the conjugated form as determmed by 
Marshalls method (3) Whether this conju 
gated compound is the acet> I-denvative was not 
determined Even in the samples containing 
large amounts of conjugated suifapyndine, there 
was no detectable glycosuria (Table II) Pre- 
sumably the glucose compound was not being 
excreted as such 

The urinary exercton of the drug was some- 


what dependent on diuresis There was how- 
ever, a direct relationship bet\vcen the blood level 
of sulfapjndme and tlie amount of the drug 
excreted m the unne. 

Following the mjection of sodium sulfcipyndme 
the maximum blood levels were not as high as 
those obtained for the glucose compound but sig- 
nificant araoimts of both free and total sulfapyn- 
dme were present 12 hours after the mjection. 
The blood contained traces of free sulfapyndme 
and determinable amounts of total suifapyndine 
36 hours after mjection (Table I and Figure 2) 
Between 88 and 100 per cent of the arculatmg 
sulfapjmdme at the end of the mjection penod 
was m the free form. In tv/o patients this par- 
tition was rapidly reduced so that m 12 hours be 


TABLE I 
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TABLE 1 — Continued 


Compound 

Route 

Time* 

Blood 

Urine 

Remarks 

Cc 
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Ion 
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Ju , 
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AU values as Bulfanilamidc 
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T 
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* All times recorded from commencement of adimmstration of drug 

t The values given for “ free ” sulfapyridme following the administration of glucose sulfapyndine refer only to the values 
given by the Marshall method without hydrolysis (3) and do not imply that the sulfapyndine was present in the free form 
T « Trace SI T » Slight trace V SI T « Very slight trace 


TABLE n 

TIte effect of the intravenous administration of glucose and of 
glucose sulfapyndine on the concentration of glucose 
in tne blood and unne of Subject B 



Glucose 

Glucose tulfapyridlne 

Time 

Blood 

glucose 

Urine 

glucose 

Blood 

glucose 

Urine 

glucose 

hours 

Fasting 

1 hour after injee 

1 hour after In Jec. 

2 hours after In ec. 

3 hoars after In ec. 

4 hours after InJec. 
6 hours after InJec. 
12 hours after 

injee. 

1 

mem per 
100 ml 
90 9 
1443 
1713 
115.6 

96 6 
844 

erams per 
100 ml 

Less than 0 10 
Less than 0 10 
Less than 0 10 
LrCtsthanO 10 
Less than 0 10 
LetsthanO 10 

mgm ptr 
100 ml 
USB 
181 1 
227.5 

953 

grams ptr 

100 ml 

035 

Q3Q 

030 

Less than 0 10 

Less than 0 10 


tween 40 and 46 per cent was arculatmg as the 
conjugated drug 


The excretion of sulfapyndine into the unne 
after the injection of sodium sulfapyndine was 
much slower than in the case of the glucose com- 
pound (Table I) In 96 hours, however, 90 per 
cent of the administered sulfapyndine had been 
excreted About 75 per cent of the total sulfa- 
pyndine excreted was in the form of the conju- 
gated drug and this percentage was approximately 
the same whether the sodium salt or the glucose 
compound was mjected 

The effect of diuresis on the urinary excretion 
of sulfapyndine was not marked m Subject B, 
but m the other two mdmduals the maximum 
excretion of the drug into the unne corresponded 
to a penod of maximum diuresis There was no 
parallelism between the blood level and the ex- 
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• CLUCD3E SULFAPYRIOINE o EOOlUM SULrAP'fRlDlKE * SULFANJLlMtOE —TOTAL FREE 


Fic. Z (Sv3jtCT B ) Blood Lxvels AFita IimtAvEWoos AoMnn5T*ATioK or Tiunt Siar^wiLAinDE DmvATivM 


crction rate of sulfapyndme such as obtained for 
the glucose compound* 

The injcctioa of sulfanilamide gave similar rc~ 
suits except that there was a l^ome^vhat lower con 
centration of conjugated sulfanilamide present in 
the urmc than that found after the injection of a 
corresponding amount of sodium suHapynchnc. 


The «§ect of ibc iU&citfan«oi{i adimnijtroiion of 
glucose sulfapyridiiie and sulfanilamide on 
the blood level and urtuary excretion of 
sulfapyndme and sulfanilamide 
respectively 

The blood concentrations of sulfapyndme fol 
lowing the subcutaneous mjection of "I ’ 
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• SUBJECT A o SUBJECT B a SUBJECT C — TOTAL IFREE* 

Fig 3 Eftect of Subcutakeoxjs Injectiok of Glucose Sulfapyridine on the Blood Level 


fapyndine are shown for the three subjects in 
Figure 3, and the data obtained on a second occa- 
sion m Subject B are shown in Table I The 
concentration of suliapyndine m the blood rose 
more slowly and to a lower maximum than when 
glucose sulfapyridme was given mtravenously 
Determinable amounts were present in the circu- 
lating blood for at least 12 hours There was no 
marked increase m the conjugated form as was the 
case when the sodium salt or sulfamlaraide was 
given intravenously 

The subcutaneous injection of glucose sulfa- 
pyndme was followed by a hyperglycemia com- 
parable to that produced by a similar amount of 
glucose There was, however, no corresponding 
glycosuna All of the sul fapyndine was re- 
covered m the urine within 24 to 48 hours, from 
77 to 87 per cent appeanng in the conjugated 
form 

Following the subcutaneous injection of siil- 
famlamide, the blood levels rose slowly to a maxi- 
mum of between 8 to 10 mgm per 100 ml 6 hours 
after tlie injection was started In Subject B 
(Table I and Figure 4) determinable amounts of 
free sulfanilamide were present 50 hours after 
commencement of injection, in a second subject 
only traces were present at this time In both 
instances, however, levels between 2 and 3 mgm 
of free, and 3 to 5 mgm of total sulfanilamide 
per 100 ml of blood were present 24 hours after 


injection During the time when the blood levels 
were high, between 70 and 89 per cent of the drug 
was present m the free form 

All of the subcutaneously injected material was 
recovered from the unne m 96 hours , 38 per cent 
of this was present as the free and 62 per cent 
as the conjugated drug The maximum excretion 
occurred during or shortly after a period of maxi- 
mum diuresis The essential difference between 
the urinary excretion of sulfapyndine after in- 
jection of the glucose compound and the excretion 
of sulfanilamide, when both were given sub- 
cutaneously, was the greater rapidity of the re- 
moval of glucose sulfapyndine from the blood 

The effect of the oral administration of glucose 
sxilfapyndxne, sxdfapyridxne, and sulfantlor 
mxde on the blood levels and ttrinary 
excretion of sulfapyndxne or 
sulfanilamide 

The blood levels after oral administration of 
glucose sulfapyndine m three subjects are shown 
m Figure S, and the data for Subject B appear m 
Table I The absorption from the gastro-mtes- 
tinal tract was very slow Appreaable concen- 
trations did not appear m the blood until 24 hours 
after the beginning of ingestion Unlike the find- 
ings after parenteral administration of the drug, 
there were large amounts of conjugated sulfa- 
pyndme present m the arculating blood 
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HOUU 


• GLUCOSE SULFAPYRJCHNE * SULFA NILAUIDE — TOTAL — >REE 
Fig. 4 Glucose Sulfapybidini and Sulfanilamidi Epncr of Subcutanfous Injection on the Blood Level 


About 80 per cent of the drug adnumstercd was 
recovered from the urme m 72 hours Approxi 
matcly 25 per cent of this amount was m the free 
form The tnaxiraum excretion of the drug oc 
curred during the mtcrval between 24 and 36 
hours which corresponded to maximum levels in 
the blood 


For purposes of further companson, addibonal 
data on the effect of the administration of glucose 
sulfapyndme by the three different routes on the 
blood levels of sulfapyndme in Subject A are 
shoivn m Figure 6 The data on the recovery of 
this drug from the unnc of the same subject are 
sliown m Figure 7 



• SUEUECT A ® SUBJECT B a SUBJECT C —TOTAL FREE 

Fic. 5 Effect of Oeal Aduinistbatiok of Glucose Sulfapybuitoe on the Blood Level 
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0 I 2 3 4 5 6 7 8 9 10 11 12 2 4 36 4 6 60 72 

HOURS 

• INTRAVENOUS SUBCUTANEOUS • -• ORAL 

Fig 6 Glucose Sulfapyridine Effect of Route of Administration on Blood Level 


When equivalent amounts of sulfapyndme or 
sulfanilamide were given orally, the rate of ab- 
sorption from the gastro-intestinal tract was much 
faster than for the glucose compound Values of 
4 to 8 mgm of free sulfapyndme or sulfanilamide 
per 100 ml of blood were obtained 6 hours after 
the banning of ingestion and determinable levels 
were present m the blood 24 hours later A com- 
panson of the effect of the administration of these 
two drugs wth glucose sulfapyndme is shown m 
Figure 8 and in Table I Similar results for the 
absorption and excretion of sulfapyndme and sul- 


fanilamide after oral ingesbon have been reported 
by others (5, 7, 8) 

The distnbtUion between red blood cells and 
plasma of certain denvatwes of 
sulfanilamide in vitro 

The fundamental differences in the behavior of 
glucose sulfapyndme and other sulfanilamide 
denvatives given intravenously and subcutane- 
ously made appropnate a further consideration of 
the data in the light of blood clearance and dis- 
tnbution in the body However, since the investi- 
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HOURS 
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Fia 7 Glucose Sulfapybujink Effxct of Rout* of Admiwistbatioh oh Ubikahy EuMiNAnoif 



HOURS 
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Fio. 8 Blooo IJtviLs a f t x> Oral Aomin istratioh of Tumb ® 
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TABLE m 


Di^trtbution between whole blood and plasma of glucose 
sulfapyndine, sodium sulfapyridine and 
sulfanilamide m vitro 


\ 

! 

Sob.! 

ject 

CompouBd 

^Tien 

lime from 

TolTlng 

Whole 

blood 

vaJ- 

uea* 

ma 

val- 

ues^ 

Calcu- 
lated val- 
ues* in 
plaamafor 
100 mb 
blood 

Calcu- 
lated vaL 
uea* in 
cellj for 
100 mb 
blood 

Hema 

toent 

(cor 

rooted) 

T 

GIucom 

Sulfapyndbio 

10 minutes 

nffuu 

per 

100 

vd 

90 

per 

100 

vd 

10.4 

a4 

06 

4a8 

T 

Sodlom 

SulfapyridSno 

10 minutes 

8,7 

96 

<L9 

3.8 

48.8 

Lo 

GIocobo 

Sulfapyndlno 

10 minutes 

1L2 

19.8 

11.6 

0 

4U 

Lo 

SofSum 

Sulfapyridine 

10 minutee 

77 


48 

2.9 

418 

F 

Gbeose 

Sulfapyndine 

10 minutes 

1 

91 

106 

8.3 

0.8 

46.9 

F 

Glucose 

Sulfapyridine 

1 1 
1 , 1 

1 hour 

90 

18.1 

8.6 

0.6 

46 9 

F 

Glucose 

Sulfapyndine 

, 3 hours 

8.0 

16.0 

8.5 

1 

0 

4a9 

F 

ScKfium 

Sulfapyridine 

ilO minutes 

8.3 

a7 

4.6 

37 

46.9 

F 

Sodium 

Sulfapyritfine 

1 

1 1 hour 

8J2 

ae 

46 

36 

1 

1 46.9 

F 

Sodium 

Sulfapyndine 

3 hours 

8.2 

as 

4.6 

36 

4ao 

F 

SuKanilainlde 

0 

1 

97 

77 

4.1 

56 

4a9 

F 

Sulfanilamide 

1 hour 

94 

74 

3.9 

6.6 

4ao 

F 


3 hours 

9.3 

7.6 

4.0 

5.3 

46.9 

Low 

Glucose 

Sulfapyri^fine 

10 minutes 

99 

ia9 

95 

0 

50.2 

I«w 

Glucose 

Sulfapyndine 

1 hour 

97 

17 6 

as 

0.9 

60J 

Low 

Glucose 

Sulfapyridine 

3 hours 

99 

ia5 

9.3 

ao 

60.2 

Low 

1 Sodium 

1 Sulfapyridine 

1 

lOndnutes 

8.1 

a7 

4.4 


50 

Low 

'So^um 

Sulfapyridine 

1 hour 

' ai 

as 

D 

H 

60.2 

Low 

Socfiuia 

Sulfapyridine 

3 hours 

8.1 

1 

1 8.2 

1 

H 

4D 

50.2 

Low 

SulfanHaniidd 

10 minutes 

1 

as 

76 

3.8 

47 

60J2 

Low 

Sulfanilamide 

1 hour 

1 9.3 

1 

7.5 

3.8 

6.5 

50.2 

Low 


3 hours 

97 

B 

37 

6d) 

50J3 


* Sulfapyndine or sulfamlanude 


gatJon had been made on whole blood, the dis- 
tribution of these compounds between red blood 
cells and plasma was studied 

The distribution of glucose sulfapyndine, so- 
dium sulfapyndine and sulfanilamide between red 
blood cells and plasma ^vas determined vi vitro at 
various tunes up to 3 hours after their addition to 
oxalated blood The results are given m Table 


III Glucose sulfapyndine was present only in 
the plasma, sodium sulfapyndine was equally dis* 
tnbuted between the red blood cells and the 
plasma, and sulfanilamide showed a slightly 
greater concentration m the red cells than in the 
plasma This increased concentration in the red 
cells of sulfamlanude was pointed out previously 
by Sise (6) This slight mcrease in concentration 
m the red blood cells was disregarded in subse- 
quent calculations 

The distribution of glucose sulfapyndine between 
red cells and plasnia m vivo 

Two subjects were given 475 grams of glucose 
sulfapyridine intravenously, two others received 
the same amount subcutaneously and three were 
given 12 5 greuns of the drug orally Hematocrits 
were determmed and estimations of sulfapyndine 
were made on the whole blood and plasma at ap- 
propriate intervals The data are shown in Table 

IV Like the in vitro results, glucose sulfapyn- 
dine showed little penetration into the red blood 
cells when given intravenously or subcutaneously, 
while following oral administration approximately 
one-third of the sulfapyndine found m the whole 
blood was present in the red cells 

TABLE IV 

Dislrtbulton of sulfapyndine between red blood cells and 
plasma when glucose sulfapyndine was administered 
by various routes 


1 

1 

1 

Sub*' 

feet 

Route 

Timo after 
adminis- 
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Whole 

blood 

sulfa- 

Plas- 

ma 

sulfa 

XL 

Ctktt- 
Uted 
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100 mb 
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lated 
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ceUf for 
100 mb 
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Hems 

tocrit 

(cor 

reeted) 

I 

Intravenous 

1 hour 

vxfftn 
in 100 
mb 
10.8 

mpm 

tnlOO 

mb 

17.2 

10.6 

■ 

38J 

I 

latravenous 

3 hours 

74 

10.8 

as 

0.8 

3a9 

n 

Intravenous 

1 hour 

91 

16.3 , 

9.3 , 

■1 

43.3 


latravenous 

3 hours 1 

4.1 , 

7J 

4M 

Bi 

43.3 

ffl 

Subcutaneous 

3 hours 

3.9 

5Ji 

34 

i 0.6 

3a6 

in 

Subcutaneous 

4 botua 

3.3 

4.6 

38 

0.5 

316 


Subcutaneous 

3 boors 

4J 

7.8 

4.4 

mm 

' 42.8 

IV 

Subcutaneous 

4 hours 

3.9 

1 

56 

za 

■s 

42.8 


Oral 

1 17 hours 

10.5 

1 12.6 


a? 

46.4 


Oral 

HI boors 

10 6 

* IbO 

6.1 

4.5 

451 

VST 

' Oral 

111 hours 

12.0 

14.6 

a3 

17 
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The distribution of glucose sulfapyndine m the 
body ^vatc^ after both intravenous and subcutane- 
ous mjcction shows that the drug is confined 
esscnbaily to the extra-cellular water (Table V) 


TABLE V 

Dutnbuiton of ilucosa suJfapyndiHt 
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Sodiiun sulfapyndine, sulfapyndine and sulfanila- 
mide, when given by each of the three routes were 
distnbuted over tlic total body ^vate^ Unfor- 
tunately vanations m the amounts of free and 
conjugated sulfapyndine or sulfamlamide and 
secretion of these compounds into the gastro- 
intestinal tract prohibit determination of the dis 
tnbution In all instances however the apparent 
distnbution of sulfamlamide and sulfap 3 nndme or 
Its sodium salt was m a volume of water m excess 
of 70 per cent of the body weight and this was 
also true following the oral admimstration of 
glucose sulfapjmdme. 

The renal clearance of snlfatulamide and certain 
of its derwatwes when administered 
by differetit routes 

The clearance values given m Table VI were 
obtained by recalculation of the whole blood data 
on three subjects making use of the distnbuhons 
between red cells and plasma to obtain serum 
levels. When given by the mtravenous route 
glucose sulfapyndme differed sharply from either 
sodium sulfapyndine or sulfamlamide. The lat- 
ter two substances were cleared at rates indicating 
a considerable degree of tubular reabsorphon 
while the glucose compound was cleared at a 
rate usually associated with simple glomerular 
filtraboa. 

\Vhen glucose sulfapyndme and sulfanilamide 
were given subcutaneously the clearances for the 


TABLE VI 


Blood cUaranue of tltum* sulfapyndine. sodxum sulfa 
pyndine and sulfanilamide vken administered by 
different rouies 
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glucose compound were elevated above that for 
sulfanilamide. With one exception (Subject B) 
the values for the clearances were ^ 

found after ' 
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Similar values For all the compounds given 
orally the clearance values indicated marked tubu- 
lar reabsorpbon The clearance of the conju- 
gated form of sulfanilamide or sulfapyndine was 
always higher than the free form The tubules 
apparently selectively reabsorb the free form of 
sulfapyndine and sulfanilamide 

DISCUSSION 

The data presented show that, when glucose 
sulfapyndine is given intravenously or subcutane- 
ously, its behavior is quite different from that 
of the other derivatives of sulfanilamide used in 
this study when they are given by the same route 
The levels of total sulfapyndine in the blood are 
comparatively higher but these high levels are not 
mamtained After a brief interval no arculating 
sulfapyndine is demonstrable 

From the clearance data it is possible to say 
that intravenous glucose sulfapyndine is elimi- 
nated with very httle reabsorption while sulf apyri- 
dine and its sodium salt, given by parenteral or 
oral routes, and glucose sulfapyndine, given by 
month, undergo considerable tubular reabsorption 
This would indicate that glucose sulfapyndine 
given intravenously or subcutaneously is not con- 
verted to sulfapyndine or sodium sulfapyndine 
but retains its identity in the blood and is excreted 
at a different rate The low clearance values fol- 
lowing the oral administration are of the same 
order of magnitude as those obtaining for sulfa- 
pyndme There is a corresponding increase in 
the concentration of sulfapyndine in the red blood 
cells It would appear, therefore, that orally ad- 
ministered glucose sulfapyndine is largely con- 
verted to sulfapyndine or its sodium salt before 
absorption 

Calculations of the distnbution of glucose sul- 
fapyndine given by parenteral route show that the 
drug IS distributed over the extracellular fluid 
In this regard it behaves in sharp contrast to sul- 
fapyndine and sodium sulfapyndine which, by 
approximate calculation, appear to be distnbuted 
over the total body water The distribution of 
the vanous compounds between red blood cells 
and plasma offers still further confirmation of 
these observations The oral administration of 
glucose sulfapyndine differs from that of sulfa- 
pyndme and sulfamlamide The absorption is 


slower, maximum concentrations are lower and 
are found 24 hours or longer after the ingestion 
of the drug 

These observations are interpreted as meaning 
that, following intravenous or subcutaneous ad- 
ministration, glucose sulfapyndine circulates in 
the blood unchanged However, it would appear 
that the material present m the urine was not glu- 
cose sulfapyndine This is suggested by the fail- 
ure to show any glycosuria comparable to the 
amount of sulfapyndine present in the unne, and 
also by the presence of a conjugated compound 
determinable as such by the Marshall and Litch- 
field method (3) 

The results of studies on the pneumococadal 
activity of glucose sulfapyndine m human blood 
were m accord with these findings (2) The ad- 
dition of glucose sulfapyndme to blood m high 
concentration \n vitro produced no pneumococ- 
cidal activity On prolonged standing at 37° C 
only slight bacteriostasis became evident When 
blood was withdrawn from patients to whom glu- 
cose sulfapyndine was given intravenously or sub- 
cutaneously, no pneumococadal power was evi- 
dent Even should some activity occur in the 
blood after prolonged standing, the present data 
show that the drug is removed too quickly from 
the circulating blood for such a possibility to 
anse tn vivo after parenteral administration 
Following the oral administration of glucose sul- 
fapyndine the pneumococcidal power of the ar- 
culating blood was practically the same as that 
demonstrable with blood having similar concentra- 
tions of drug after sulfapyndine itself had been 
given These studies offer further evidence that 
the substance present m the blood after intra- 
venous or subcutaneous administration of glucose 
sulfapyndine is not free sulfapyndme They 
also suggest that the oral administration of glu- 
cose sulfap 3 rndine results in its decomposition 
with the formation of active sulfapyndme 
It IS of interest that such a slight procedure 
as boiling a drug in glucose solution should so 
change its biochemical and physiological activity 
It IS suggested that such studies as the ones pre- 
sented, when applied to new therapeutic sub- 
stances of this typt, may be helpful in deter- 
mining the potentialities of a drug Glucose 
sulfapyndine by these cntena, when given by the 
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parenteral route has characteristics which indicate 
that It 13 probably not useful therapeutically 
The rapidity with which it leaves the blood 
stream its poor distnbution and its apparent fail- 
ure to hydrohre mto an active substance all mih 
tate against its usefulness, 

CONCLUSIONS 

1 Glucose sulfapyndine administered mtra 
venously or subcutaneously gives high levels of 
the drug in the blood but is rapidly excreted and 
appears to circulate in a form which does not be 
ha\e like sulfapyndmc, 

2 The data for the clearances of glucose 
sulfapyndine after its intravenous or subcutanc 
ons administration indicate that httle or no reab 
sorption of glucose sulfapyndmc takes place, 

3 Glucose sulfapyndmc administered orally is 
absorbed slowly In other respects, however tlic 
drug present m the blood after its absorption from 
the gastro-mtcstinal tract behaves m the same 
manner as when sulfapyndmc itself is given, 

4 Glucose sulfapyndine given intravenously or 
subcutaneously docs not enter the red blood cells 
and 13 apparently distnbuted only m the extra 
cellular flmds 

The author! gratefully acknowledge the tuggejtWM 
and aisutEDCe of Dr A, W Winkler of the Department 


of Internal Mcdicme, Yale Unnrcriity Medical School 

m the mterpretadon of the clearance and distribution 

data. 
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RESULTS 

Effect of gliicose-stdfapyridme and sodium sidfa- 
pyndine when added to defihn- 
noted blood in vitro 

The results of pneumococadal tests with the 
blood of 2 subjects are given m Table I The 
blood of subject S was used on two occasions, 1 
week apart On both occasions the addition of 
glucose-sulfapyndine solution in amounts equiva- 
lent to 10 mgm per 100 cc (1 10,000) did not 

TABLE t 

Pneutjwcouidal action of sodium sulfapyndinc and of 
glucosc-sulfapyndine when added to defibrinated 
human blood in vitro 


1 

Sub- 1 
ject 

Material 

added 

Conccutra 

tion 

Growth 

inhibition 

Pneiunococddal 
action at 48 hours 

24 

hour3 

48 

hours 

Inocu 

lum 

Growth 



m£m per 100 






1 

cc 





S 

0 1 


0 

0 




GSP 

10 

10 

0 



S* 

0 


0 

1 

0 




GSP 

10 

0 

0 




SP 

Glucose 

101 

50/ 

10* 

10* 

10* 

10* 

96 

0 

F 

0 


10 

10 

10 

10 


GSP 

10 

0 

0 




NaSP 

10 

iO* 

10* 

10* 

0 


SP 

10 

1 10* 

10* 

1 10* 

1200 



1 


1 

; 10* 

I 0 

Ft 

0 


0 

0 



GSP 

10 

10* 

0 




NaSP 

10 

10* 

10* 

10* 

8 






10* 

8 


1 




10* 

0 


♦ Blood taken 1 week later 

t Same blood kept at 37® C for 30 hours The drugs 
were added pnor to incubation 


Explanation of Tables 1 and II 

Amount In the case of the glucose-sulfapyndme this 
represents total amounts of sulfapyndme m the solution 
Concentration Given m mgm per 100 cc When 
added in vitro, the final concentration is given, except the 
glucose, for which the added concentration is given 

Growth inhibition Numbers represent the largest 
moculum which showed no color change 

Pneumococci killed Listed only when inhibition was 
not^ Growth « number of colonies grown in agar pour 
plates Inoculum refers to onginal number Larger 
mocula yielded too many colonies to count, smaller ones 
yielded no growth 

Ahhrevtaitons SP *=* sulfapyndme 

G SP “ glucose-sulfapyndme solution 
NaSP =*= sodium sulfapyndme 
I V » mtravenous 
S C “ subcutaneous 
P O =* oral 


result in any pneumococcidal activity That this 
lack of activity was not due to the presence of 
glucose as such was shown by the fact that, when 
both glucose and sulfapyndme were added in the 
same proportions as those originally present m the 
glucose-sulfapyndme solution, there ^vas marked 
pneumococadal action The extent of this action 
was the same as when no glucose was added (1) 
The blood of subject F killed 10 diplococci 
when first tested The same fresh blood showed 
no pneumococadal activity when glucose sulfa- 
pyndine was added, but considerable numbers 
were lolled and the growth of even larger numbers 
^vas inhibited after the addition of sulfapyndme 
or its sodium salt 

Effect of tneubaiton at 37^ C 

Duplicate control tests and tests with the addi- 
tion of glucose sulfapyndme and sodium sulfa- 
pyndine were earned out with the blood of sub- 
ject F after mcubation for 30 hours before the 
organisms were added There was no bactericidal 
activity m the blood without the drug Slight in- 
hibition of growth for 24 hours occurred in the 
blood containing glucose-sulfapyndme, while m- 
hibition and killing in the blood contaimng sodium 
sulfapjnrdine were essentially the same as m the 
fresh blood 

The loss of the small amount of pneumococcus 
killing in the blood of subject F after mcubation 
IS consistent with the destruction of complement 
which IS essential for the activation of natural 
pneumococadal action of human serum (6,7) 

Tests with blood obtained after administration of 
glucose sulfapyndme by various routes and 
of sodium sulfapyndme intravenously 

Glucose sulfapyndme was given intravenously, 
subcutaneously, and orally, and blood samples 
taken at arbitrary intervals thereafter were tested 
for their action on Type III pneumococci In ad- 
dition, a number of samples of blood obtained 
from the glucose-sulfapyndme reapients were 
allowed to stand at 37° C for varying lengths of 
time and the tests repeated Tests were also 
made with the blood of 2 subjects after the intra- 
venous injection of sodium sulfapyndme The 
results of all these tests are shown in Table II 
After parenteral injection of the glucose-sulfa- 
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TABLE n 


Pnewnococcidd Usis mlh defibnnaUd human blood after 
adimntstrtUion of dttcoxt sulfapyrtdtns soluiton or 
cf joaium iidfapy^in* 



* Second infection of 5 grami 5 hours after the first 

t From beginning of administration — each dose given in 
1 hour except m Subject S who received it m If hours, 
AU parenteraJ injectii^ were given in 500 cc. of nonnai 
■aline 

15 grams then 2,5 grama 4 hourly for S doses. Hours 
given are after the last doae. Fluids were given Uberally 
during this period, 

pyndme solution practically no pneumococadal 
action was noted even when high concentrations 
of drug were present in the blood After prelimi 
nary incubation of these blood samples at 37° C , 
varying degrees of growth mhibiUon occurred 
dependmg on the level of the drug and the length 
of time allowed for mcubationu In subject A the 
freshly shed blood on two occasions lolled 10 dip- 
lococa and no kdhng occurred following meuba 
tion but the growth of a large number was m 
hibited. This again suggests that as with the tn 
vitro experiment the srnil amount of killing was 
due to the immune mechauum rather than to the 


action of the drug, the activity bemg abohshed by 
the inactivation of complement and perhaps the 
deat h of leukocytes m the process of incubation 

Follownng the intravenous injection of sodium 
sulfapyndme there was marked bacteriostatic 
and moderate bactenadal action comparable to the 
effects noted from the addition of this drug t« 
vitro as noted above. This was also similar to 
the action of sulfapyndinc added to blood m vitro 
(1) or when present in blood after its oral ad 
ministration (2) 

The results of the tests earned out with the 
blood taken after the oral admmistration of the 
glucosc-sulfapyndine solution were m sharp con 
trast to those already noted with the blood ob- 
tained after parenteral admmistration of the same 
solution The pneumococadal action was the 
same as after the mtravenous mjcction of the 
sodium salt or after the oral admimstration of 
the unaltered sulfapyndme. The high concentra- 
tion maintained in the blood of M for such a long 
interval is associated with the delayed absorption 
which was shown to be charactenstic of the glu- 
cose sulfapyndme when given orally (4) 

DISCUSSION 

The results of the bactenadal tests reported 
here and the studies on absorption and excretion 
(4) are m essential agreement They mdicate 
that a new compoimd is formed by boiling sulfa 
pyndme m SO per cent glucose. This glucosc- 
sulfapyndmc solution differs from the onginal 
sulfapyndme and also from the sodium sulfapyn 
dme m the rate m which it is cleared by the kid- 
neys after parenteral admmistration as well as in 
Its distribution m the body flmds when given by 
such routes. The bactenadal teats show further 
that this glucose-sulfapyndine solution is mert 
when added in vUro or when given parcnterally 
On standmg in blood at 37® C , some hydrolysis 
takes place releasing sufifiaent sulfapyndme to 
bnng about varying degrees of groivth mhibition 
but not enough to effect any apprcaable killing of 
the Type III pncumococa used. The method 
used here for determining the concentration of 
free sulfapyndme also causes hydrolysis of the 
glucose compound giving values which uidudc 
both free sulfapyndme and sulfapyndme com- 
bined with glucose. 
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RESULTS 

Effect of glucose-sidfapyrtdine and sodnim stdfa- 
pyridine when added to defibn-^ 
nated blood in vitro 

The results of pneumococadal tests with the 
blood of 2 subjects are given in Table I The 
blood of subject S was used on two occasions, 1 
week apart On both occasions the addition of 
glucose-sulfapyndme solution in amounts equiva- 
lent to 10 mgm per 100 cc, (1 10,000) did not 

TABLE I 

Pneumococctdcl actuju of sodtum sulfapyndine and of 
glucosc-sulfapyridtno wJten addtd to dcfibruiaUd 
human blood m vitro 


1 

Sub- 
ject 1 

1 

Material 

added 

Concentra- 

tion 

Growth 

inhibition 

Pneumococddal 
action at 4S boors 

24 

hours 

48 

houri 

Inocu 

lum 

Growth 



mgm per 100 






1 

cc 





s 

0 ! 

1 

0 

0 




GSP 1 

10 1 

10 

0 



s* 

0 


0 

0 




GSP 

10 

0 

0 




SP 

Glucose 

10 \ 

50/ 

10* 

10* 

10* 

10* 

96 

0 

F 

0 


10 

10 

10 

10 


GSP 

10 

0 

0 

1 



NaSP 

10 

10* 

10* 

1 10* 

0 


SP 

10 

10* 

10* 

, 10* 

1200 




1 

i 

1 

10* 

! ^ 

Ft 

0 


1 

0 

0 



GSP 

10 

; 10* 

0 




NaSP 

10 

10* 

10* 

10* 

8 






10* 

8 






10* 

0 


♦ Blood taken 1 week later 

t Same blood kept at 37° C for 30 hours The drugs 
were added pnor to mcubation 


Explanation of Tables I and II 

Amount In the case of the glucose-sulfa pyridine this 
represents total amounts of sulfapyndme m the solution 
Concentration Given m mgm per 100 cc When 
added in vitro, the final concentration is given, except the 
glucose, for which the added concentration is given 

Growth inhibition Numbers represent the largest 
moculum which showed no color change 

Pneumococci killed Listed only when mhibition was 
noted Growth * number of colonies grown m agar pour 
plates Inoculum refers to onginal number Larger 
mocula yielded too many colonies to count, smaller ones 
yielded no growth 

Abbreviations SP “ sulfapyndme 

G SP =» glucose-sulfapyndme solution 
NaSP *=» sodium sulfapyndme 
I V “ mtravenous 
S C « subcutaneous 
P O =■ oral 


result in any pneumococcidal activity That this 
lack of activity was not due to the presence of 
glucose as such was shown by the fact that, when 
both glucose and sulfapyndme were added m the 
same proportions as those originally present in the 
glucose-sulfapyndme solution, there was marked 
pneumococadal action The extent of this action 
was the same as when no glucose was added (1) 
The blood of subject F killed 10 diplococci 
when first tested The same fresh blood showed 
no pneumococadal activity when glucose sulfa- 
pyridme was added, but considerable numbers 
were killed and the growth of even larger numbers 
was inhibited after the addition of sulfap)mdine 
or its sodium salt 

Effect of incubation at 37^ C 

Duplicate control tests and tests with the addi- 
tion of glucose sulfapyndme and sodium sulfa- 
pyndine were earned out with the blood of sub- 
ject F after mcubation for 30 hours before the 
organisms were added There was no bactericidal 
activity m the blood without the drug Slight in- 
hibition of growth for 24 hours occurred in the 
blood containing glucose-sulfapyndme, while in- 
hibition and killing m the blood contaimng sodium 
sulfap 3 nTdme were essentially the same as m the 
fresh blood 

The loss of the small amount of pneumococcus 
killing m the blood of subject F after mcubation 
IS consistent with the destruction of complement 
which is essential for the activation of natural 
pneumococadal action of human serum (6, 7) 

Tests with blood obtained after administration of 
glucose stdfapyrtdine by various routes and 
of sodium stdfapyrtdine intravenously 

Glucose sulfapyndme was given mtravenously, 
subcutaneously, and orally, and blood samples 
taken at arbitrary intervals thereafter were tested 
for their action on Type III pneumococci In ad- 
dition, a number of samples of blood obtained 
from the glucose-sulfapyndme reapients were 
allowed to stand at 37° C for varying lengths of 
tune and the tests repeated Tests were also 
made with the blood of 2 subjects after the intra- 
venous injection of sodium sulfapyndme The 
results of all these tests are shown in Table H 
After parenteral injection of the glucose-sulfa- 
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TABtB n 


piUHJftwcadcl Ufis tw/A dffihrtfutUd human hhod ajUr 
cd^tstniion ef ilucotc sulfapyruiina saJuiton or 
oj fodxum sulfapyridin* 



Secood Injcctam of 5 grajiis 5 hour* after the firit, 
t from beginnuig of axlmimitratloa— each doee given m 
1 how except uj Subject S who. received it la 1? houn 
AU^renteial mjcctioo* xerc gi\*en in 500 cc. of normal 

1[5Krtin^thM2Jgrami,4hcmrlyfor5do»ei, Houn 
Fluid* were iftvea liberally 


pyndine solution practicaUy no pncumococadal 
action waa noted even when hitrh *wn f-**n ♦ « rt »» »• 




the inaet,v,h r abolished by 

d4hT, f ” ““Pianent and perhaps 

■" of mcuStioa 

aulfapyndine 

j * vraa marked bacteriostatic 

effeiS'triM ‘>otion comparable to the 

noted from the addihon of^u drug ,» 

This was also saSa?;: 

" ““ ""1 

rrl.ir^ If admimstnition of the 

^rat^sdfapyndme solution were in sharp con 

t^cH f *^0 bW ob- 

»toon ThT‘"^ administration of die same 
ZT The pncumococadal action was the 
same as after the intravenous mjcchon of the 

ihfrti administration of 

^e unaltered sulfapyndme. The high concentra 
Uon m^tained m the blood of M for such a long 
.nt^en^ ts a^ted ivith the dehyed absorphon 
which was shown to be characteristic of the giu 
cose sulfapyndme when given orally (4) 


DISCUSSION 

The results of the bactcnadal tests reported 
here and the studies on absorption and excrebon 
(4) are m essential agreement They indicate 
that a ne\v compound is formed by boiling sulfa 
pynduic m 50 per cent glucose. This glucose- 
fiulfapyndme solufaon differs from the onginal 
sulfapyndme and also from the sodmm sulfapyn 
dme in the rale in which it is cleared by the kid 
neys after parenteral adnunistrabon, as u ell as in 
its distnbubon in the body fluids when given by 
such routes. The bactcnadal tests show further 
that this plucose sulfanvndme viltihnn i«t in<*rt 
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When the glucose-sulfapyridme solution is 
given orally, on the other hand, the material that 
IS absorbed into the blood has the same properties, 
as regards both its renal clearance and its bac- 
tericidal action as free sulfapyndme Here 
again, the compound is presumably hydrolyzed 
after ingestion, freeing sulfapyndme m an active 
form which then has the same clearance and 
bactencidal properties as uncombmed sulfapyri- 
dine or its sodium salt This hydrolysis after oral 
ingestion presumably takes place slowly, smce ab- 
sorption of the sulfapyndme into the blood has 
been shown to be considerably delayed as com- 
pared with the absorption of sulfapyndme as 
such (4) 

In this study as in the others (1, 2), simultane- 
ous tests for opsonms were earned out and the 
pneumococcidal action of sulfapyndme was 
shown to be entirely independent of phagoc 3 rtosis 
The data are omitted smce the results were nega- 
tive throughout 

SUMMARY AND CONCLUSIONS 

The bactencidal action of a 10 per cent solution 
of sulfapyndme m 50 per cent glucose was tested 
against a susceptible strain of Type III pneumo- 
coccus m human blood vi vitro, and after its ad- 
ministration by the intravenous, subcutaneous and 
oral routes 

When added m vitro and after its parenteral 
administration this solution was found to be es- 
sentially inert Blood to which similar amounts 
of sodium sulfapyndme are added tn vitro or 
blood which is obtained after the intravenous ad- 
ministration of this compound has bactenostatic 
and pneumococcidal properties similar to those of 
sulfapyndme 


After oral ingestion of the glucose-sulfapyndine 
solution the bactericidal power of the blood is the 
same as that resulting from equivalent concentra- 
tions of free sulfapyndme Absorption, how- 
ever, is slower than after sulfapyndme taken 
orally 

These studies were earned out with the technical as- 
sistance of Mildred W Barnes and Claire Wilcox. The 
chemical determinations were made by Margaret A Ad- 
ams and Nancy E, Marean, 
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Renal ischemia, produced by artifiaal constne- 
tion of the renal arteries results in a permanent 
hypertension the seventy of which roughly paral- 
lels the degree of ischemia. (For reviews see 
Goldblatt (1) and Blalock and Levy (2)) 

Smith, Goldnng and Chasis (3) have show 
that at low plasma concentrations diodrast has a 
renal extraction ratio of nearly 100 per cent 
and that therefore the plasma clearance of dio- 
drast gives the plasma flow through the kidney 
In patients having essential hypertension Smith, 
Goldnng Chasis and Ranges (4) report that they 
always found renal ischemia as show by the 
diodrast clearance, 

Toxemm of pregnancy seems to bear some defi- 
mte relation to essential hypertension about half 
of post toxemic pabents ivill sooner or later show 
persistently elevated blood pressure Corwm and 
Hemck (5) have concluded that subacute hy- 
pertensive toxemia of pregnancy is the response 
of the woman with latent or declared cardiovascu 
lar disease to the strain of pregnan(^ ’ Dill and 
Enckson (6) have produced an eclarapisia like 
syndrome m dogs and rabbits by constnction of 
the renal artencs m pregnant animals 

In view of the foregomg considerations it 
would seem to be of fundamental importance to 
detenmne the diodrast clearance (and eflfectivc 
renal blood flow) in toxemia of human pregnancy 

ILATEHIAL, AND METHODS 


Nearly all patlcnti studied m this group were priml 
gravidac. Our chronic hypertenii\c 3 %vere all paticnti 
who have been observed m more than one pregnancy 
and followed between prcgnandcj In most of these the 
urea clearance wai normal. Chrome Bright s disease had 
other been so diagnosed before pregnancy or early m 
pregnancy The entena were hypertension, protemuna, 
edema, hcniatuna diminished renal function os shown by 
□rca clearance speafic gravity and phenolsulphonph 
thalem excretion. Hypoprotcmcmia and hypercholestero- 
lemia were also present in our cases. 

Twelve normal pregnant and 9 normal non pregnant 
subjects were used as a control senes. The first 17 of 
these have been reported elscwbcre (Cheslcy and Chcslcy 

(7)) 

Because of the possibility of stasis of unne in dilated 
ureters many of the pregnant and immediately postpartum 
patients were cystoscoped and ureteral catheters were 
ioserted, A speaal catheter with S or 6 openings was 
placed in the bladder From here on the procedure de- 
scribed by Smith Goldnng and Chasis (3) was fol 
lowed, A contmuous mfusion of 10 per cent dextrose 
contammg 1 mL of 35 per cent diodrast per 100 ml was 
given at the rate of 10 ml per minute for 10 mmutes 
the rate of infusion was then cut doivn to 4 ml per 
minute. About half an hour after the beginning of the 
mfiuion the bladder was washed out with saline, and 
the unne collccUon penod begun. At this tunc the first 
blood specimen was taken (oxalatcd) Three unne col 
lections were made each over a penod of about 20 
nunntes The bladder was washed out twice each tunc 
to catch any unne which might have dramed down the 
ureters. The washings were combmed with the unne 
for analysis. At the end of the test the ureteral catheters 
were slowly pulled out with suction to get any unne 
that was possibly stagnating m the ureters The second 
blood sample was taken midway m the test, and the third 
was obtained at the end. The following day (usually) 


Patients were selected in whom the differential diag 
nosis could be made, with some confidence, between pre- 
eclampsia, nephntis and chronic hypertension complicated 
by pregnancy By pre*eclampsia (and eclampsia) we 
mean an acute toxemia occurring late in pregnancy It 
is characterized by a rapid and excessive gam in weight 
hypertension, protemuna and edema usually appearing 
In the Order mcntioficd (and with or without convul 
SKms) All these signs disappear rapidly following dc 
livery (but not always permanently) Renal funeboa 
tests such as the urea dcaranoe, give normal results. 


the pnxedure was repeated without ureteral cathetenza 
bon. These bladder unne collecboos were made over a 
penod of about 45 minutes and the pnclimmary penod 
of mfusion was prolonged, (See Discussion below) 
Diodrast was analyzed as lodme using a modification 
of Kendall s method as adapted by Smith, (}oldriog and 
Giasis (3) The use of glass beads was omitted, and 
the samples of plasma and diluted urine were dned over 
mght at 85 to 95 C After fusion, the cooled melt was 
dissolved by addmg water to the crucible and boili- 
carefuUy on a hot plate. The soltrtioa was 
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rectly into the analysis flask, and the crucible then rinsed 
SIX Umes with cold water brought to boil in the crucible. 
The final titration was made with 0 001 n sodium thio- 
sulphate. All reagents were freed of lodme by the 
methods descnbed by McCullagh (8) Blank analyses 
were always negative. Frequent analyses of known so- 
lutions of both hippuran and potassium buodate in 
urine and plasma gave results close to theoretical All 
determinations were done m duplicate. 

The plasma clearance of endogenous creatinine was 
simultaneously determined by the methods of Folm (9) 
When the urine volume was m excess of 2 ml per 
minute, the maximal urea clearance was measured by the 
manometric procedures of Van Slyke (9) 


toxemic patients were antepartum and at the 
height of their toxemia 
In Table I are shown the plasma clearances of 
diodrast, endogenous '' creatinine " and urea, the 
hematocrits, and the calculated renal blood flows, 
“ filtration fractions ” and urea extraction ratios 
The filtration fraction ” was calculated by divid- 
ing the clearance of apparent creatinine by the 
diodrast clearance (renal plasma flow) We do 
not regard the endogenous creatinine clearance as 
a measure of glomerular filtration, though we had 
thought that it might give an approximation to 
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RENAL BLOOD FLOW 


Fig 1 Frequency Distributions or Renal Blooo Flows in Normal Subjects and in 
Pre-eclampsia, Eclampsia, Recurrent Toxemia, and Chronic Bright's 
Disease Compucating Pregnancy 

All observations on eclamptica were made after delivery, on the first, the third, and hvo 
on the eighth postpartum days 


For the determination of the plasma fraction, 1 ml of 
well mixed blood was placed m a vaccine tube (designed 
bj E M MacKay (9)) and centrifuged at 2500 rpra. 
for an hour The volumes of cells and plasma were 
then read directly 

The effective renal blood flow was calculated by di- 
viding the plasma clearance of diodrast by the plasma 
fraction. Hereafter, this figure will be called simply 
” renal blood flow'* All clearances are corrected to the 
ideal body surface area of 1 73 sq m. 

RESULTS 

The renal blood flows for all subjects are 
bhown m Figure 1 Unless speafically noted, all 


the filtration rate It would be hard to say what 
it does represent, since it seems to bear no con- 
stant relation to the urea clearance as it should if 
it were related simply to the glomerular filtration 
Evidently all of the apparent creatinine of the 
plasma either is not filtered, or does not escape 
tubular reabsorption Furthermore, the propor- 
tion so behaving vanes from subject to subject 
Our ** filtration fraction ” is therefore worthless 
The urea extraction ratio was computed by di- 
viding the plasma clearance of urea (assumed to 
be nearly the same as the whole blood clearance) 
by the calculated renal blood flow The extrac- 
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TABLE I 

Toxemtc stnes of 24 palunii 


All data corrected to body surface area of 1 73 iq m 
Ureteral catheter specimens used In many blood 

pressure measurements made at time of tesL 
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66j0 
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332 


SJ 

1141 
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860 
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402 
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62 
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360 

162 

32 

787 

und 

123/90 
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83J 


422 
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906 

Uiid 

UAAK) 

531 

93 9 

44.7 

360 

172 

54 

332 

UUd 

LW/94 

401 

1052 


302 

21 4 
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UM 

142/92 
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452 
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50 

931 

UBd 
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«70 


36,2 

13 6 


331 

MIM 

U4/83 

560 

66,2 
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3.12 

112 

94 

340 

Mild 

140/90 

6,3« 

79 4 

61 4 

332 

124 

6.4 
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MBd •otepartom 

105/60 

233 

65 4 

502 
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232 

142 

347 

MJld poatpaxtom 

90/53 

356 

620 

432 
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92 

515 
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120/90 

530 

86 1 
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232 

14 9 

92 
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Severe 

iiohoo 
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530 
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99 
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1 652 
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62 
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Severe 
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122 
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156/90 

619 

330 

339 

217 

U2 

10 6 

793 

pieUlU *• 

125 A>0 

343 

1292' 

644 

252 

372 

14.1 

459 

Avera*! 


554 

75 J 

662 ! 

337 

142 

3,4 

844 


UCUUXKT TdXXULK 



200/130 

564 

1032 

1602 

352 

13,4 

182 

830 


133/80 

583 

572 

562 

282 

99 

6,9 

809 

CBKOMIC uuoar^ OltSAU 

Moderate 









aoteparhun 

200/130 

314 

532 


362 

112 


433 

poetparUun 

170/110 

265 

592 

252 

294 

222 

62 

377 

Moderate 









antepaiUim 

150/100 

324 

47 9 

42j0 

272 

132 

94 


poatparUim 

160/100 

392 

862 


302 

22.1 


559 

Moderate 









antepartom 

150/96 

273 

462 

31 4 

262 

162 

34 

375 

poatpartsm 
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i 

67 9 

1 
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312 
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* Not averaged because of pyelitis. 


tjon ratio thus obtained averages 8,7 per cent for 
all subjects This agrees with the average of 8,7 
per cent calculated from the data of Landis 
Elsom Bott and Shiels (10) and accords well 
With the data obtamed by simultaneous analyses 
of systemic arterial and of renal venous bloods in 
dogs and rabbits (for review see Chesley and 
Chesicy (7)) 


The renal blood flow m patients with pre- 
eclarapsia and eclampsia covers a wide range but 
IS usually normal In 1 case of mild pre eclampsia 
the extraordmanly high blood flow of 1712 ml 
per minute was found In another mild pre- 
eclamptic the flow was 347 mL per mmutc when 
the test was repeated 11 days later and after de 
hvery the blood flow was 515 raL per minute 
Cbmcally this patient had a typically pre-cclamp- 
tic toxemia, presaged m the eighth month by a 
rapid gam m weight followed by the appearance 
of hypertension and then of protemuna and 
other signs and symptoms of prc-eclampsia. In 
one of the 4 edamptics the diodrast clearance 
was done between convulsions, her renal blood 
flow at that time was 575 mL per minute. When 
checked 8 days after delivery the blood flow was 
870 ml per minute Perhaps the somewhat 
diminished level found at the time of the convul 
sions can be attnbuted to renal vascular spasm or 
possibly to the sedative (allonal) One patient 
13 not mduded m the averages though the data 
arc given m Table I This patient ivas found 
to have a pyehtis which quite possibly could 
affect the clearances since “ pyehtis ’ usually in 
volvcs at least some of the renal parenchyma. 

For the whole group of eclamptic and pre- 
eclamptic patients, the mean renal blood flow is 
very close to that of the normal group at 844 
ml per mmute with a standard deviation of 
253 ^27 ml The standard error of the mean 
IS 56 6 mb All of the clearances studied were 
nearly the same as m the normal control group 
which averaged 850 ml , ivith a standard deviation 
of 126 13 1 mL The standard error of the 

mean for the normal group of 21 subjects was 
27 6 mL The ' filtration fraction and urea ex 
traction ratio averaged very shghtly higher for 
the toxemia patients than for the normals 

Two multiparous patients were studied m whom 
repeated toxemia of pregnancy had occurred and 
in whom blood pressures were always found to be 
elevated between pregnanaes Both were again 
toxemic and near term The renal blood flows 
were normal — 880 and 809 mL per minute (Table 

I) 

Four patients with chrome Bnght s disease 
were observed At least 2 of these have nephro- 
sclerosis The results shoivn in Table II indicate 
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a diminished renal blood flow, averaging about 
half that of the control or pre-eclamptic subjects 
The "filtration fraction is increased, as ob- 
served by Smith, Goldring, Chasis and Ranges 
(4) m their cases of essential hypertension 
Cunously enough, the urea extraction ratio is 
slightly lower than the average , or in other words, 
the urea clearance runs nearly parallel with the 
diodrast clearance Tins disparate behavior of 
the clearances of endogenous " creatinine and 
urea (in only 3 cases) suggests that perhaps there 
is an increased tubular permeabihty allowing back- 
diffusion of urea to the blood An impairment in 
tubular function (secretory) has been demon- 
strated in essential hypertension by Smith ef al 
(4) Landis, Elsom, Bott and Shiels ( 10) found 
that the urea clearance paralleled fairly well the 
hippuran clearance (as did the creatimne clear- 
ance) 

TABLE n 


Comparison of diodrast clearances with urtne specimens oh‘ 
tamed by ureteral catheters and by bladder catheter 


Patient 

1 

1 

1 

2 

1 

3 

1 

4 

1 

5 

6 

1 

7 

8 

1 

9 

Aver 

ages 


ml 

jrl 

mt 

ml 

ml* 

ml 

ml 

ml 

ml 

ml 

Ureteral cath- 
eter Bpedmens 

S05 

598 

610 

416 

374 

58S 

756 

632 

492 

552 

Bladder cath 
eter apedmena 

543 

702 

518 

393 

568 

532 

588 

555 

607 

556 


* Patient received 2 capsules of nembutal at time of 
catheteriaatJon 


To summanze, the renal blood flow is not af- 
fected (usually) in pre-eclampsia and eclampsia 
In such toxemias, two diminished and one mar- 
kedly increased renal flow have been observed m 
20 cases In chrome Bright’s disease complicated 
by pregnancy, there is a marked diminution m the 
renal blood flow This, in our cases, was ac- 
compamed by a decrease in the urea clearance 
There was no significant effect upon the blood 
pressure exerted by the small amounts of diodrast 
given The blood pressure increased slightly in 
about as many cases as it fell In only 1 case 
— the eclamptic whose diodrast clearance was done 
behveen convulsions — was the pressure change at 
all marked In this case the blood pressure at the 
beginning of the test was 146/90, and at the end 
it was 100/70 (Wide fluctuations m blood pres- 
sure are charactenstic of eclampsia and pre- 
eclampsia ) 


DISCUSSION 

Urtne coUectwns The quantitative collection 
of unne in the pregnant and puerperal woman is 
difficult because of bladder atony and ureteral 
dilatation, with consequent stagnation of urine 
Furthermore, the bladder is often displaced down- 
ward and pockets are formed which are hard to 
drain by catheter In the present study an effort 
has been made to make complete collections of 
bladder unne by using a multi-opening catheter 
At each collection penod the bladder was washed 
out twice with 20 ml of saline as recommended 
by Smith External suprapubic pressure often 
aided in gettmg back the instilled sahne 

Ureteral dilatation, found in about 85 per cent 
of pregnant women (Stander (11)), may occa- 
sionally be of such marked degree as to hold back 
from the bladder an hour's output of unne 
Bladder unne collections cannot give reliable 
clearance calculations unless the blood level of the 
substance under study is essenbally constant, and 
unless the degree of diuresis is nearly constant or 
high Even then an occasional strong peristaltic 
wave in the ureter might sweep accumulated unne 
into the bladder 

In the tests m which bladder urmes were used, 
an effort was made to mimmize the vitiating fac- 
tors mentioned In all cases the blood level of 
diodrast was kept very nearly constant (The 
greatest vanation m any case, excephng the few 
in whom low clearances were encountered, and 
one vanation of 27 per cent, was 13 per cent, the 
average maximal vanation from lowest to highest 
observed blood levels was 9 2 per cent Almost 
invariably the blood level of diodrast progressively 
but slowly increased) The period of infusion 
before the beginning of the unne collection penod 
was at least 40 minutes Thus diodrast-contain- 
lug urme would not be diluted by stagnating dio- 
drast-free unne in the ureters Moderate to high 
degrees of diuresis were mamtained, sodium sul- 
phate was not used Unne collection periods 
lasted 45 minutes , three unnes were collected 

As stated in the descnption of methods, ureteral 
catheterization was done m many of the pregnant 
patients Since the catheters are small, some 
unne might pass down the ureters outside of the 
catheters Such unne has been collected as de- 
senbed above We feel that in these cathetenzed 
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patients the unnc collections have been quantita 
Uve, However, another possible comphcabon 
anses. Ureteral reflexes set up by the catheten- 
jabon have been known to cause anuna, probably 
by renal circulatory disturbance, (No evidence 
of such disturbance has been observed m our 
present senes) If so marked an effect as anuna 
can result from ureteral catheten ration it might 
be that some lesser renal arculatory disturbance 
would often occur 

As a double check first upon the rehabihty of 
bladder unne coUeebons and second upon the pos 
sibflity of ureteral reflex inhibibon of renal blood 
flow the diodrast clearance was done twice on 
each of many of the pabents Usually the first 
clearance was done with ureteral catheter codec 
bons the following day (usually), or mthm a 
week, the clearance was repeated ivith bladder col- 
Iccbons As the data m Table II show the 
clearances may be done either \vay In half the 
cases the bladder unnes gave the higher clear 
ances and m half the ureteral unne gave higher 
results. The total averages for the two groups 
are similar The advantage of the ureteral cath- 
ctenzabon bes m the satisfying agreement be- 
tween successive clearances. The discomfort to 
a pregnant pabent near term however oubvdghs 
this advantage. 

Hypertensive complications of pregnancy Dc 
spite the considerabons outhned m the mtroduc 
bon, which seemed to promise so well for renal 
ischemia as a cause (or even the pnnapal cause) 
of toxemia of pregnancy, the renal blood flow 
seems to be charactensbcally normal m pre- 
cclampsia, eclampsia and * recurrent toxemia 
Moreover this finding pushes back another step 
the defenders of the old hypothesis that renal 
insuffiaency underhes toxemia of pregnancy 
After a century of slow stubborn retreat from 
the posibon that eclampsia was uremic m nature 
the argument of this school must now be based 
upon how much the renal blood flow could be if 
all the blood vessels of the kidney were maximaUy 
dilated 

Many of the pabents whom we have diagnosed 
as ‘ mild pre-cclampsia would be called low 
reserve kidney ' by obstetnoans using that das si 
ficabon If one had previously doubted that a 
renal deficiency underlay the mild toxemia called 


low reserve kidney " his doubts must now be 
increased by the demonstrabon of a normal renal 
blood flow m such cases 
Smee the renal blood flow charactensbcally 
seems to be normal m pre-edampsia and cclampi- 
sia, one might expect renal funebou tests to give 
normal results when extra renal factors are taken 
into account Such is the case (Cheslcy (12 
13)) 

SUMMARY AND CONCLUSIONS 

In eclampisia, prc-eclampsia and recurrent 
toxemia of pregnancy, the renal blood flow as 
measured by the diodrast dearance, seems to be 
chaiactcnsbcally normal There is a ividcr range 
above and below average than ^va 3 found m the 
normal subjects 

In the few cases of chrome nephnbs comph- 
cating pregnancy studied the calculated renal 
blood flow IS considerably below the levels found 
m normal subjects 

The urea cxtracbon rabo averages 8 7 per cent 
as calculated from the plasma dearance of urea 
divided by the renal blood flow 

We wuh to acknowlcdgfe our mdebtednesi to Dr», S 
A, Cotjrove, J F Norton, and E. G Waten for their 
pcnniMlon to me padentj from their icrvicca, and for 
reading the typescript Dr P O Hall ha* allowed u* 
to study Several of his private patient*. Frances Orsato 
and Peter Marotta did many of the blood and unne urea 
analyses. 
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It has been sliown m previous studies (1 2) 
that normal human gastric juice contains a pro- 
teolytic auymc capable of hydrolyzing casein to 
the proteose stage m an alkaline medium, but not 
at hydnon concentrations below pH 4 This 
range of activity and certam other properties 
would seem to distinguish the enzyme from pep- 
sm, while the failure of the enzyme to produce 
large amounts of araino-mtrogen withm 24 hours 
appears to rule out trypsm and crepsm, acting in 
thar generally accepted manner 
Although no assertion can be made that this 
proteolytic activity is identical with that of the 
so-called intrinsic factor as detected chnically it 
is of interest that the proteolytic activity in ques 
tion is retained or destroyed under certain ar- 
cumstances which affect the climcal activity of the 
intrinsic factor m a similar fashion (2) The 
present communication presents furtlier resem 
blanccs of this nature. It also includes data mdi 
eating the limitations of the method of the in vitro 
hydrolysis of casern as a means of dctermming 
the activity m question m samples of the gastnc 
contents of patients with permaous anemia, 

A Effect of adsorption xvtth Uoyd s reagent and 
of dialysis upon normal hut nan gastnc juice 

Gastnc juice visibly free from bde was col 
Iccted from normal persons after the admmistra- 
tion of 0 5 ragm of histarame phosphate. This 
fresh g^tne juice or subsequent modifications 
were brought to approxiinately pH 7 4 ivith nor 
mal sodium hydroxide Fifty ml of such ma 

1 The expenses of this investigation were defrayed m 
part bj the J K. Lilly Gift to the Harvard Medical 
School 

* Graduate Fellow of the Belgian Amencan Edtica 
dociai Foundation, 1937-1939 


tenals were rapidly mixed m an Erlenmeycr flask 
\vith 50 ml of a 1 per cent neutral casein solution 
prepared as previously desenbed (2) Tlie mix 
ture 'was adjusted to exactly pH 7 4 and 2 ml of 
toluol were added The flasks were then set in 
a constant temperature bath at 37 5° C for 24 
liours. Samples of the digestion mixture were 
removed immediately and after 24 hours and 
analyzed for the total amount of nitrogen not 
preapitable by 10 per cent tnchloraccbc acid and 
for the amino-mtrogen content respectively 
From these determinations the amount of total 
filtrable mtrogen and of ammo-mtrogen produced 
m 24 hours ^va3 calculated, 

1 Adsorption of normal human gastnc juice 
xuiih Lloyd* s reagent Helmer and Fouta (3) 
Iia've shown tliat after normal human gastnc juice 
IS shaken wifh from 10 to 15 grams of Upyds 
reagent its hematopoietic power in pernicious 
anemia when fed daily \vith 4 5 grams of pow 
dered Liver Extract Lilly (N N R,) as a source 
of extnnsic factor is reduced by onc-half to hvo 
thirds In our (2) hands however after this 
procedure the gastnc juice retamed tn vitro no 
detectable proteolytic activity It was suggested 
that the residual activity of the gastnc juice found 
by Helmer and Fonts might have been due to a 
greater content of mucus which might have in 
terfered with the adsorptive po^\er of the Uoyd s 
reagent. Since the adsorption by Uoyd’s re- 
agent seemed to offer a reasonable method of con 
ccntration of the enzyme it was deaded to repeat 
both the in vitro and the climcal observabons 
Accordingly, samples of 100 ml of unncutral 
lied normal human gastnc juice were filtered 
through gauze, then shaken once with 10 grams of 
Uoyd s reagent and filtered or centnfuged free 
of the adsorbent In certain instances the aad 


225 



226 


C J GESSLER, S 0 DEXTER, MARGARET A ADAMS, AND F H L TAYLOR 


gastric juice was neutralized before adsorption 
or was treated twice with 15 grams of Lloyd's 
reagent In one experiment 6 5 grams of com- 
meraal muan were added to 100 ml of gastnc 
jiuce before adsorption with Lloyd's reagent 
The vanations as well as the results of the dif- 
ferent expenmental techniques are given m Table 
I The data given there show that, while un- 
treated gastnc juice produced marked mcreases in 
total filtrable mtrogen, those samples adsorbed 
either once or twice with Lloyd's reagent were 
found to be inert in this respect, regardless of the 
reaction of the gastnc juice at the time the ad- 
sorption was carried out The results of expen- 
ments 93a and 93b indicate that the addition of 
mucin to the gastnc juice permitted retention of 
about 25 per cent of the onginal proteolytic power 
when extracted only once with Lloyd's reagent, 
as Helmer and Fouts had done 

A chnical test of gastnc juice which had been 


TABLE I 

Proteolytic activity of normal human gastnc luw on casein at 
pH 7 4 after adsorption vnih Uoyd/s reagent 


Exi>eji- 

ment 

number 

Coxulidons during ad3orpdou 
of 100 ml of gastric jmce 
with Lloyd « reagent 

Subsequent proteolytic 
activity 

Lloyd 8 
reagent 

Number 
of ad 
sorptions 

pH dur 
ing ad 
Borpdon 

Increase In 
nitrogen In 
trichlor- 
acetic add 
filtrates 






mpn per 100 ml digest 


grams 



in 24 hoxiTs 

65a 

0 

0 


53 92 

1 82 

65b 

10 1 

1 

74 

034 

0 00 

67a 

0 I 

0 

0 

15 SO 

0 00 

67b 

10 ! 

1 

1 8 

0 00 

0 00 

68a 

0 

0 


47 20 

0 30 

68b 

10 ! 

1 

74 : 

0 24 ; 

0 50 

70a 

0 

0 


12 29 ' 

0 70 

70b 

10 I 

1 ! 

74 

1 14 

000 

70c 

10 1 

1 

1 2 

0 00 

0 00 

93a* 

0 

0 i 

1 

23 00 

1 38 

93b* 

10 

2 1 

1 

1 2 1 

1 

5 20 

000 

133a 

1 

0 

0 


40 30 

140 

133b 

10 

2 

1 8 

0 48 

000 

275a 

0 

0 


22 97 

0 28 

275b 

15 

2 

1 8 

000 

0 00 


♦ 6 5 grams of mucm per 100 ml of ^tnc juice were 
added m this experiment Both control and the portion 
of the sample adsorbed with Lloyd's reagent were exwsed 
to pH 10 lor 2 hours before mcubation at pH 7 4 for 24 
hours 


TABLE II 

Effea of daily administration to patients with pernicious 
anemia of 200 grams of beef muscle with WO ml of 
normal human gastnc jmce after extraction 
With Lloyd's reagent and after 
dialysis, respectively 


First periods Daily administration of preparations 
indicated below 



Case 79 

Case 80 


100 ml of gastric juice 

100 ml of ^tric juice 
after dialysis for 3 days 

Days of 

after cxtracdon twice with 

treatment 

15 grams of Lloyd s reagent 

at 4®C 


Red blood 

Redculo 

Red blood 

Redculo- 


cells 

cytes 

ce^ 

cytes 


miUions per 
e mm 

per cejti ' 

1 

millions per 
c tnm 

per cent 

0 

159 

1 2 

1 50 

1 2 

2 

1 53 

1 0 

1 39 

30 

4 

1 59 

1 2 

140 

35 

6 

1 55 

2 2 

1 59 

58 

8 

141 

40 

1 84 

15 8 

10 

1 46 

56 

1 94 

64 

12 

! 1 27 

50 

2 00 

58 


Second periods Daily administration of preparations 
mdicated below 



Same as above except with- 
out cxtracdon with Lloyd s 


reagent 


mUlwns per 
c mm 



1 28 



1 47 









UH 

15 4 


extracted twice with 15 grams of Lloyd's reagent 
was then carried out In accordance with a tech- 
mque previously demonstrated (4) to be effec- 
tive in the detection of intnnsic factor, a patient 
with pemiaous anemia (Table II, Case 79) was 
fed 100 grams of finely divided beef muscle and 
SO ml of neutralized gastnc juice, after extrac- 
tion with Lloyd’s reagent, at both the noon and 
eveiung meals each day for a penod of 12 days 
Dunng this time there was no chmcal improve- 
ment or laboratory evidence of significantly in- 
creased blood formation During a second period 
of 10 days the conditions were identical except 
that freshly neutralized gastric juice was substi- 
tuted for gastnc juice which had been extracted 
with Lloyd's reagent The patient then re- 
sponded dimcally and a reticulocyte peak of 30 6 
per cent was attamed on the sixth day with an 
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increase within 10 days of over a mUhoa cells 
above the initial count of 1,270 000 red blood cells 
per ctunm From this it appears that in intro 
evidence of proteolysis as well as clinical evidence 
of intrinsic factor activity, was absent after treat- 
ment of normal human gastnc jmcc with Lloyd's 
reagent m the manner desenbed 

2 Dtalysts of nonnal human gastric jwce It 
has been shown by Helmer and Fonts (3) and by 
Hclmer, Fonts and Zerfas (5) that the intrinsic 
factor of normal human gastnc juice docs not 
pass through an ultrafilter Goldhamcr and Kycr 
(6) have more recently shown that the precipitate 
formed by saturation of gastnc juice vnth am 
momum sulfate and thereafter dialyzed for 8 
hours 13 potent as a source of mtnnsic factor when 
fed with a suitable extrinsic factor to patients with 
pemiaous anemia. 

In order to avoid possible changes m the dif- 
fusibihty of the intrinsic factor and the mtroduc- 
tion of extnnsic mtrogen prelunmary preapita- 
tion With ammomum sulfate was omitted and 
unpreapitatcd normal human gastnc juice was di 
alyzed m cellophane sacks at a temperature below 
6° C for 3 or 5 days respectively As dialysis 
proceeded a white precipitate, presumably the 
euglobulm of the gastnc juice, appeared. The 
contents of the sack were removed at the end of 
this penod, adjusted if necessary to the original 
volume with distilled water, and thoroughly 
mixed. The matcnal was then neutralized and a 
50 ml sample was incubated with an equal volume 
of casein solution at pH 74m the usual manner 
The results are given m Table HI experiment 
178b There it will be observed that the dialyzed 
gastnc juice produced significant amounts of total 
filtrable mtrogen m a manner comparable to that 
of unmodified gastnc juice. In experiment 179b 
the experiment was repeated except that the con 
tents of the sack were filtered through paper be- 
fore mixing with the casern solution In expen 
ment ISOa the preapitate left on the paper \vas 
resuspended m a volume of distilled water equal 
to that of the sample before filtration and in- 
cubated with an equk quantity of casern solution. 
Both the filtrate and the preapitate possessed 
distinct proteolytic power 

In order to provide a clinical test for intrinsic 
factor, a patient with pemiaous anemia (Table 
II, Case 80) ^va 3 fed daily 100 ml of dmlyzcd 


TAatfi in 

ProUolyUt adwUy of normal human gaOrtcjuu* on cautn 
<U pH 7 ‘I after dtalym 


ExpciL 

(neat 

nam 

ber 

1 1 

Pttpnmloa of fotric Juice 

i 

Increase Ia 
dtintenla 
trlciiloe 
•ccUctcld 
filtntet 

Ino-eoMln 

•jnJno 

nltroccn 

tjr/ormol 

airatloQ 

178b 

Content* of lack after dlalysi* 
at 4 C for 5 day* 

■I* 

53 04 j 

70 Ml dittU 
koitrt 

0,56 

179b 

Ffltratc from contents of «ack 
after dulytls at 4 C for 3 
day* 

57 63 j 

1 

0,56 

180a 

PreafHtato from contenta of 
sack after dialysi* at 4 C 
for 3 day* 

51,51 ! 

1 

1 

042 


gastnc juice and 200 grams of beef muscle m the 
same manner as m the previous clinical observa 
tion During a penod of 12 days the patient 
responded dimcally, and a reticulocyte peak of 
15 8 per cent appeared on the aghth day The 
red blood cells imtially were 1,500 000 per cuunm, 
and reached 2 000 000 on the twelfth day These 
data entirely confirm the chmeal observations of 
others (3 5 6) that mtnnsic factor does not pass 
tlirough a serai permeable membrane and exclude 
the possible compheation m interpretation intro- 
duced through the use of ammonium sulfate be^ 
fore dialysis by Goldhamcr and Kycr (6) 

DISCUSSION 

The parallelism betiveen the chmcal activity of 
the so-called mtnnsic factor and the proteolytic 
activity of noimal human gastnc juice under dis 
cussjon has been further extended to include a 
sunilar action of Lloyd’s reagent and of dialysis 
Nevertheless, this docs not constitute proof of 
identity or imply as has been proved to the con 
trary by Wmtrobe (7) that casern is a suitable 
cxtnnsic factor from a chmcal pomt of view 

B The m vitro proteolytic actwity of the gastnc 
secretion tn perntcioits aneinui 

Until recently no observations had been made m 
this laboratory on the m iniro proteolytic activity 
of gastnc juicc other than from normal human 
subjects with the exception of the two instances 
previously reported (2) m which gastnc juice 
^vas obtained from patients v, ith penudous 
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anemia In those observations, marked increases 
in ammo-nitrogen were obtained in 24 hours wi\h 
such bile-stamed gastric contents It was then 
found that, after exposure of the material to pH 
10 for 2 hours in order to dimimsh tryptic activity, 
both the total filtrable mtrogen and the ammo- 
nitrogen production were greatly decreased 
These preliminary observations, together with the 
experiments reported by Lasch (8), suggested the 
desirability of further in vitro studies of the gas- 
tric secretion of patients with pernicious anemia 
The present investigations are thus an attempt to 
test the validity of the casein hydrolysis method as 
a means of assaymg the activity m question in 
samples of the gastric contents m pernicious 
anemia A secondary considerabon would obvi- 
ously be whether such a method could serve as a 
diagnostic test for pemiaous anemia 

Accordingly, samples of the fasting achlor- 
hydric gastric contents of each of 12 patients with 
permcious anemia were obtained after the sub- 
cutaneous injection of 0 5 mgm of histamine phos- 
phate In order to secure the necessary 45 ml 
of material, continuous suction for from 1 to 6 
hours was needed In different patients, as 
shown in Table IV, the average rate of aspiration 
varied from 8 to 78 ml per hour In all but two 
instances bile was visibly present in the samples 
Thus regurgitation from the intestme must have 
both contaminated and augmented tlie apparent 
gastnc secretion 

Portions of the samples obtained were incu- 
bated in the usual manner with an equal volume 
of casein solution at pH 7 4 In only six m- 
stances, including the two in which no bile stain- 
mg was visible, was the amino-nitrogen produc- 
tion less than 2 mgm in 24 hours, even after 
previous exposure of the gastric contents to alkali 
(Table IV, lower half) The gastric contents of 
the other 6 patients, even after exposure to alkali, 
produced amounts of amino-mtrogen greater than 
were developed by any of the samples of pure 
gastnc juice from normal individuals previously 
reported (Table IV, upper half) Expenments 
253a and 277a are typical of the very considerable 
production of ammo-acid when exposure to alkali 
was not practiced These particular results re- 
semble those previously obtamed (2) with normal 
human gastnc juice which had been purposefully 
contaminated with duodenal contents In no in- 


TABLE IV 

ProUolytic activity on casein at pH 7 4 of gaslrtc contents of 
patients vnth pernicious anemia 


Ex 

peri* 

meot 

Qum* 

ber 

Chxracterof ' 
goatrio 1 
contenU 

Frepantloa of 
gojtrie juice 

Suboequent proteoiytio 
tctlmy 

Amount 

obtained 

BU« 

COQ- 

tAmi 

na* 

tioD 

Increueb 
nitrogen in 
trlohlorecetio 
acid filtrates 

Increafeb 
amino-nitrogen 
by formol 
btration 


ntQt 

per hour 



mffm. fdr too ml diQat 
in 14 Acvtj 


Au, aiupus 'vrxra which AMiKO’ifxrBoaxK froductioh ih 24 bocbs gTcrypyn 
3 uau. FBB 100 UL. 


253a 

1 

10 

1 

1 

None 

25^ 

25J 

253b 


2 hours expo ture to pH 10 

17^ 

2.4 

92a 



None 

49^ 

IZO 

93b 



2 hours exposure to pH 10 

389 

fiD 

341 

8 


OhouisexposoietopH 10 

501 

4.5 

410 

20 

+ 

2hoursexx>oiuretopH 10 

M.6 

602 

411 

38 

1 + 

2 hours exposure to pH 10 

75J2 

8,4 

412 

37 

1 

3 hours exposure to pH 10 

800 

Zi 


E, autplis 'WITH WHICH iitiHO*HrrHOax2f paoBccrnoif m 24 boubs was lui 
THAH 2 uaiL 100 HL, 


277o 

10 

+ 

None 

856 

15.83 

277b 



2 hours exposure to pH 10 

216 

L7 

414 

10 

+ 

2 hours exposure to pH 10 

28.7 

L4 

407 

25 

+ 

2 ho on exposure to pH 10 

43.4 

OS 

245 

13 


2 hours exposure to pH 10 

601 

1S3 

408 

45 

r- - - 

1 ^ 

2 hours exposure to pH 10 

19 8 

OS 

415a 

78 

1 ^ 

1 Hone 

1 616 

10S3 

415b 


I 

1 

1 2 hours exposure to pH 10 

j 63.8 

L4 


stance, even after exposure to alkali, was the pro- 
duction of total filtrable nitrogen by samples of 
the gastnc contents of pemiaous anemia patients 
distinctly less than certain values previously re- 
ported for normal gastnc juice 

Since, according to Northrop (9), only 70 to 
80 per cent of trypsin in solution is destroyed by 
exposure to alkali, the influence of any consider- 
able amount of enzymes regurgitated from the 
duodenum would remam a seriously interfenng 
factor, even after such a significant reduction by 
exposure to alkali This supposition was con- 
firmed by exposure to alkali of solutions contain- 
ing equal parts by weight of commercial trypsin^ 

5 Trypsin, Pf ansbehl 1 75, Pfanstiehl Chemical Com- 
pany, Waukegan, Illinois 
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and erepsin ^ m a total concentration of one part 
per thousand It was found to be possible to 
reduce subsequent amino-mtrogcn production on 
casein at pH 7 4 in 24 hours from 12 04 and 10 08 
to 0 and 2 24 mgm respectively, m two expen 
ments Yet even after these significant r^uo 
tions m the formation of ammo nitrogen, the pro* 
ductions of total filtrable mtrogen were, resjiec- 
tively, 22 57 and 79 08 mgm in 24 hours It was 
therefore obvious that, when trypsin and erepsin 
are present m significant amounts m gastnc con 
tents they cannot be suffiacntly inhibited by ex- 
posure to alkali to render the use of the casern 
hydrolysis method adequate for the studies of the 
enzyme under discussion 

DISCUSSION 

In contrast to its apparently successful use in 
the study of the enzyme activity of normal human 
gastnc juice the systematic apphcation of the 
casein hydrolysis technique to the gastnc juice of 
patients with permcious anemia appears to be im- 
practicable. In the first place, the very slow' rate 
of actual gastnc secretion in pemiaous anemia 
permits an unusual degree of contammation with 
mucus sahva or mtcstinal contents. Therefore, 
on the basis of this dilution effect alone the score 
tion obtained can scarcely be considered to repre- 
sent a sample of gjastne secretion m any quantita- 
tive sense comparable to that obtained from a 
normal stomach In the second place, it is only 
on rare occasions that adequate samples of gastnc 
contents can be obtained from such patients free 
from regurgitated mtcstinal enzymes Exposure 
to alkah, as shown by expenraents with solutions 
of trypsm and crcpsin and with the specimens of 
contaminated gastnc secretions from patients with 
pernicious anemia failed m most instances to re- 
duce the ammo mtrogen production to less than 2 
mgm within 24 hours This techmquc cannot 
therefore be used to eliminate the production of 
total filtrable mtrogen by such inter fenng en 
zymes when present m any considerable concen 
tration 

Because of this difficulty the characteristics of 
only the two samples of gastnc secretion from 
pernicious anemia patients which were visibly 

* Erepstn Dixxknal DigtstiNC Ferment Company De- 
troit, Michigan. 


free from bile (experiments 408 and 415) may 
be justifiably compared ivith previous results on 
normal gastnc juice. After exposure to alkali 
there was m both, minimal production of ammo- 
nitrogen but considerable abihty to produce total 
filtrable mtrogen. Exposure to alkali m expen 
ment 415b did not affect the production of total 
filtrable mtrogen Accordingly this sample re- 
sembles normal gastnc secretion, and because the 
amount of secretion 78 ml. in an hour was un- 
usually great for the average patient with pemia- 
ous anemia (see Table IV), it is possible that 
the gastnc secretion of this particular patient 
contamed a greater amount of the enzyme m 
question than is usually contained in the gastnc 
secretion of the typical pemiaous anemia pa 
bent Witli regard to the samples as a group 
even in the six m which exposure to alkali 
reduced the formabon of amino-mtrogcn to less 
than 2 mgm in 24 hours the produebon of total 
filtrable mtrogen was not disbnguishably less than 
for normal gastnc jmee (2) 

Although we attempt to draw no conclusions 
from the data as a whole because of the obvious 
experimental difficulbes, it may not be out of 
place to discuss certain possible chmcal difficul 
bes m interpretation. Even if it is assumed that 
the iH vttro activity of normal human gastnc jmec 
under discussion is identical with that of the so- 
called mtnnsic factor it is not necessary to sup- 
pose that the absence of such activity will always 
be cbaractcnstic of or can invanably serve as a 
diagnosbc test for permaous anemia. It has 
been demonstrated that certain amounts of ex- 
trinsic factor (200 grams of beef muscle) arc 
usually unable to cause significant blood produc 
tion when administered daily m pemiaous ane 
niia (10) When however presumably larger 
amoimts (7 11) of cxtnnsic factor (yeast prepa 
rabons) are given certain pabents at least dis 
play hematopoicbc responses probably because 
of residual amounts of intrinsic factor m the 
gastnc secrcbon Because of the rclahvcly in 
significant volume of true gastnc secrcbon m per- 
niaous anemia the development of the disease is 
perhaps not incompatible with a significant co»- 
centratton of mtnnsic factor m tlie gastnc juice 
of certain pabents Thus Goldhamer (12) has 
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ously be whether such a method could serve as a 
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\ccordiiigly, samples of the fasting aclilor- 
hydric gastric contents of each of 12 patients wth 
oemiciou. anemia were obtained after the sub- 
cutaneous injection of 0 5 mgm of histamine phos- 
phate In order to secure the necessary 45 ml 
01 material, continuous suction for from 1 to 6 
hour, was needed In different patients, as 
shown in Table IV, the average rate of aspiration 
e-aned irom 8 to 78 ml per hour In all but two 
instances bile was ensibly present in the samples 
llius regurgitation from to intestine must have 
both contaminated and augmented the apparent 
gUiiinc secretion 

Portion, ot the samples obtained were incu- 
bated m the Usual manner with an equal volume 
ot casein solution at pH 7 4 In only six in- 
stance., including the two m which no bile stain- 
ing was M.ible, was the ammo-nitrogen produc- 
uon less tlian 2 mgm m 24 hours, even after 
preeaou. exposure of the gastric contents to alkali 
(Table IV, lower halt) The gastnc contents of 
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253b 

Q2a 

92b 


10 


241 


410 


411 


412 


20 


33 


37 


+ 

Nona 

2 hour* expo Bure to pH 10 

263 

173 

263 

2.4 

+ 

None 

2 hour* exposure to pH 10 

403 

38.9 

120 

03 


3 houTi expojQTO to pH 10 

601 

43 

+ 

2 hour* exposure to pH 10 

64,0 

0.02 


3 hour* exposure to pH 10 

753 

8.4 

+ 

2 hour* exposure to pH 10 

800 

2.1 
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277b 
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407 

245 
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4l5a 

416b 


10 


10 


25 


13 


46 


+ 


None 

2 houii cxpoiurc to pH 10 


2 boura eipoiuro to pH 10 
2 hours exposure to pH 10 


850 

2L6 


16^ 

L7 


28.7 


43.4 


78 


2 hours exposure to pH 10 
2 hours exposure to pH 10 


None 

2 hours exposure to pH 10 


501 


193 


610 

033 


L4 


03 


133 
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stance, even after exposure to alkali, was the pro 
duction of total filtrable mtrogen by sampl^ o 
the gastric contents of pemiaous anemia pa 
distinctly less than certain values previous y 
ported for normal gastnc juice 

(Table IV, ‘lower halt) 'The gastnc contents of Smee, accordmg to oyed by 

the other 6 pauents, e\en after exposure to alkali, 80 per cent of trypsin m so u consider- 

provluccd amounts of amino-mtrogen greater than exposure to alkali, the influence y 

were de\ eloped by any of the samples of pure able amount of enzymes regurgim e 

.w c T^rPirtmiclv 


nc juice trom normal individuals previously 
reponed (Table IV, upper half) Expenments 
253a and 277a are t>piail of the very considerable 
prcduciion ot ammo«aad when exposure to alkali 
N-as not pracuced Thei^e particular results re- 
icinble those prenousl) obtamed (2) wath normal 
hu.rjin gajstnc juice which had been purposefully 
(.0 rated wiili duodenal contents In no in- 


aoie amouiiL fprine 

duodenum would remam a senously inter 

factor, even after such a significant 
exposure to alkali This supposition ^vas 
firmed by exposure to alkali of solutions con ^ 
mg equal parts by weight of commercial trypsi 

3 Trypsm, Pfansbehl 1 75, Pfanstiehl Chemical Com 
pany, Waukegan, Illinois 
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and crepsin * in a total concentration of one part 
per thousand It was found to be possible to 
reduce subsequent ammo-mtrogen production on 
casein at pH 7 4 m 24 hours from 12 04 and 10 08 
to 056 and 2 24 mgm , respectively, m two expen 
ments. Yet even after these sigmficant r^uc- 
tions m the formation of ammo-nitrogcn, the pro- 
ductions of total filtrable nitrogen were respec- 
tively 22 57 and 79 08 mgoL m 24 hours It was 
therefore obvious tliat when trypsin and erepsin 
arc present in significant amounts m gastnc con- 
tents they cannot be sufficiently inhibited by ex 
posure to alkali to render the use of the casein 
hydrol 3 rsis method adequate for tlic studies of the 
enzyme under discussion. 

DISCUSSION 

In contrast to its apparently successful use in 
the study of the enzyme activity of normal human 
gastnc jmcc the systematic application of the 
casern hydrolysis tcchmque to the gastnc juice of 
patients with permaous anemia appears to be im 
practicable. In the first place the very slow rate 
of actual gastnc secretion m permaous anemia 
permits an unusual degree of contamination with 
mucus saliva or mtestinal contents Therefore 
on the basis of this dilution effect alone the secre 
tion obtamed can scarcely be considered to repre- 
sent a sample of gastnc secretion in any quantita 
tivc sense comparable to that obtained from a 
normal stomach In the second place, it is only 
on rare occasions that adequate samples of gastnc 
contents can be obtained from such patients free 
from regurgitated mtestmal enzymes Exposure 
to alkah as shown by experiments with solutions 
of trypsin and crepsin and with the speamens of 
contaminated gastnc secretions from patients with 
permaous anemia failed m most instances to re- 
duce the ammo-mtrogen production to less than 2 
mgm within 24 hours This tcchmque cannot 
therefore be used to eliminate the production of 
total filtrable mtrogen by such interfcnng cn 
zyracs when present in any considerable concen 
tration 

Because of this difficulty the characteristics of 
only the two samples of gastnc secretion from 
permaous anemia patients which were visibly 

♦Ercpiin, Daodcnal Dlgertivt Fcnncnt Company De- 
troit Michigan 


free from bile (experiments 408 and 415) may 
be justifiably compared with previous results on 
normal gastnc juice. After exposure to alkali, 
there was m both, mminial production of ammo- 
mtrogen but considerable abihty to produce total 
filtrable mtrogen Exposure to alkah m expen- 
ment 415b did not affect the production of total 
filtrable mtrogen. Accordingly, this sample re 
scmblcs normal gastnc secretion, and because the 
amount of secretion, 78 ml m an hour, was un- 
usually great for the average patient with perma 
ous anemia (see Table IV) it is possible that 
the gastric secretion of this particular patient 
contained a greater amount of the enzyme m 
question than is usually contained m the gastnc 
secretion of the typical permaous anemia pa- 
tient With regard to the samples as a group, 
even m the six m which exposure to alkali 
reduced the formation of amino-mtrogen to less 
than 2 mgm m 24 hours the production of total 
filtrable mtrogen was not distmguishably less than 
for normal gastnc juice (2) 

Although we attempt to draw no conclusions 
from the data as a whole because of the obvious 
experimental difficulties it may not be out of 
place to discuss certam possible chmcal difficul 
ties m interpretation Even if it is assumed that 
the tH Vitro activity of normal human gastnc juice 
under discussion is identical with that of the so- 
called mtnnsic factor it is not necessary to sup- 
pose that the absence of such activity will always 
be characteristic of or can invanably serve as a 
diagnostic test for permaous anemia. It has 
been demonstruted that certain amounts of ex 
trmsic factor (200 grams of beef muscle) are 
usually unable to cause sigmficant blood produc- 
tion when admimstercd daily m permaous ane 
mia (10) When however presumably larger 
amounts (7 11) of extrinsic factor (yeast prepa 
rations) arc given, certain patients at least dis- 
play hematopoietic responses probably because 
of residual amounts of mtnnsic factor m the 
gastnc secretion Because of the relatively m 
sigmficant volume of true gastnc secretion m per- 
maous anemia, the development of the disease is 
perhaps not incompatible wth a sigmficant con- 
centratton of mtnnsic factor in the gastnc juicc 
of certam paUents Thus Goldhamcr (12) has 



230 


C J GESSLER, S 0 DEXTER, MARGARET A ADAMS, AND F H L TAYLOR 


demonstrated that when 150 ml of gastnc con- 
tents derived from permcious anemia patients 
were given daily with 200 grams of beef muscle, 
moderate effects on blood production in another 
patient with pernicious anemia were observed 
Accordingly, in explaining the development of 
any one case of macrocybc anemia responsive to 
treatment with liver extract, account must be 
taken not only of variations in the amount of 
mtnnsic factor but also m the amount of extrinsic 
factor ingested (4, 13, 14), of difficulty with in- 
testinal absorption (4, 15), and possibly of posi- 
tive or toxic factors of intestinal origin (16, 
17) For this reason, any test apphed to gastnc 
secretion alone cannot be expected to be of abso- 
lute diagnostic significance 

If, however, the activity of normal human gas- 
tric juice described by Lasch (8) and ourselves 
(1, 2) IS m reality a measure of the concentration 
of the so-called intnnsic factor, a satisfactory 
method for its quanbfication would still be of in- 
terest Jones and Wilkinson (18) state that 
with the method of Lasch they have been unable 
to detect differences between normal and perni- 
cious anemia gastnc juice In any case, because 
intestinal contents are usually present m samples 
of the gastnc juice of patients with pemiaous 
anemia, a satisfactory method of dealing with 
such material must distinguish the specific enzyme 
activity imder investigation from that of enzymes 
regurgitated from the intestine 

^ CONCLUSIONS 

1 Like the so-called mtnnsic factor, the agent 
responsible for the proteolytic activity tn vifro of 
normal human gastnc jmce at pH 7 4 may be 
completely removed by adsorption with Lloyd's 
reagent It is unable to penetrate a semiperme- 
able membrane 

2 Because of the usual presence of interfermg 
enzymes from the intestine, the in vitro method 
was unsatisfactory for determining in pemiaous 
anemia the amount of proteolysis which could be 
ascribed to the proteolytic agent in normal human 
gastric juice referred to above 
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Elevation of the blood urea mtrogen following 
massive hemorrhage from the stomach and duo- 
denum IS a frequent occurrence (1) Its mecha- 
msm IS not the same as that assoaated with high 
intestinal obstruction, as it occurs m the absence 
of any vomituig (2) {eg m the presence of 
melena alone *) , and is assoaated with a normal 
or mcreased blood chlonde concentration (3 4 
5) and a normal carbon dioxide combining power 
of the blood (4 5) The factors contributing 
to this increase of the urea nitrogen content of 
the blood have been said to comprise shock de- 
hydration, starvation, renal msu65aency and ab- 
sorption of dccoraposibon products of the blood 
hberated m the mtestmal tract We have else 
where adduced evidence which excludes the fac 
tors of shock dehydration, and starvation as es- 
sential but which emphasizes the importance of 
the digestion of the blood m the mtestmal tract 
( 1 . 6 ) 

Attempts have previously been made to evalu- 
ate the renal factor m this mcrease of the blood 
urea mtrogen Sangiunetti (7) found that three 
patients with elevated blood urea content follow 
mg heraatcmesis were able to excrete a concen 
ration of 30 to 38 grams of urea per liter of urme 
and believed that this excluded renal insufficiency 
Christiansen (2) reported normal kidneys at ne- 
cropsy in a case of hematcmesis (due to peptic 
ulcer) in which there was an abnormally high 
blood urea concentratiom Ingegno (8) empha 
sized the presence of normal blood pressure, high 
unne spcafic gravity and negative unnary find 

^ Part of a paper praented by Utle before the Ameri 
can Society for Qimcat InvestigatiQn, May 1939 

*Thii work was aided by a grant from the Umon 
Central Life Ininrance Company 

* Justm A Rollman Fellow m Internal Mcdicme, 1933- 
1939 

* We have observed increase in the blood urea nitrogen 
in four of eight patients with melena only mduded in a 
series of fifty three cases of hcinatcmesni and melena 
( 1 ) 


mgs m hts patients with elevated blood urea nitro- 
gen. In a fatal case of hematemesis with a blood 
urea concentration of 216 mgra, per cent Alsted 
(9) observed a fall m the urea clearance to 15 
per cent of normal m the presence of orgamcally 
normal kidneys He felt that the reduction of 
renal function was secondary to the lowenng of 
the artenal blood pressure resultmg from the 
hemorrhage. In four other patients displaying 
less marked azotemia (blood urea values of 42 
51, 58 and 59 mgm per cent) there was no re 
duction of the urea clearance Qausen (10) re 
ported a reduction of urea clearance m three cases 
though not suffiaent to account for the azotemia.* 
In five patients with increased blood urea con 
tent foUowmg hematemesis Borst (4) found a 
normal urea clearance m two and a reduction to 
19 47 and 58 per cent respectively in the remain 
mg three. In another group of three patients 
with shock he found the urea clearance reduced 
to 10 per cent or less of the normal (3), pre- 
sumably as a result of the shock- In a senes of 
twelve patients with hematemesis Black (14) re 
ccntly reported urea clearances of 38 to 47 per 
cent m four, 59 to 65 per cent m three and 75 
to 125 per cent m the remaining five. When the 
clearances were again determmed one week later 
there was a nsc to 87 per cent or more in three 
of the four cases having an imbal value of 38 to 
47 per cent and to 65 per cent m the fourth In 
the three cases with mibal values of 59 to 65 per 
cent there was no significant change m two and a 
reduction from 60 to 37 per cent m the third. 


• According to Qusii and Smith (11) a drop in the 
urea clearance from 100 to 90 per cent ivill increaic the 
blood orea by 10 per cent, etc but an mcrease of 10 per 
cent Is not ordinarily detectable because of variations In 
protein intake and variations m urea clearance modental 
to ollgaru. versus diuresis. According to Peters and 
Van Slyke (12) and Smith (13) it Is only when the 
urea clearance is reduced to 20 per cent of normal that 
the blood urea mtrogen becomes definitely elevated, ir 
respective of these other factor*. 
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Black believes that his evidence “ is insuffiaent to 
establish definitely the mechanism of renal im- 
pairment and that ** the fall in urea clearance 
appears to have some relation to the red cell vol- 
ume per kilogramme of body weight'' Witts 
(5) believes that the increase in the blood urea is 
due to the fall m the blood volume and the blood 
flow through the kidneys at a time when the kid- 
neys have the extra work of excreting a large 
amount of nitrogen derived from- the blood in the 
intestme 

In addition to the urea clearance we have de- 
termined the phenol red and mulm clearances in 
four patients with hematemesis and elevated blood 
urea nitrogen but without shock or obvious kid- 
ney disease The determinations were made 
shortly after admission to the Cincinnati General 
Hospital and were repeated when the blood urea 
nitrogen was normal 

METHODS 

The method used was that recommended by 
Smith et al (IS), and consisted of a rapid in- 
travenous infusion of normal saline containing 
mulm and phenol red given for about ten minutes 
as a priming dose, after which a more dilute solu- 
tion (usually about 8 per cent) was infused at 
the rate of 4 cc per minute throughout the penod 
of observation which usually lasted an hour and a 
half The urine was collected from the bladder 
by an inlying catheter, being allowed to dram mto 
a narrow-necked flask dunng individual collec- 
tion periods which varied from ten to twenty 
minutes A few minutes before the end of each 
urme collection period the bladder was washed 
out with a known amount of distilled water and 
the wash fluid was expelled by insufflation of air 
The unne and wash fluid were combined for 
analysis, and a preliminary 1 10 dilution was 
made at once to prevent preapitation of the muhm 
Blood samples were usually drawn from the ante- 
cubital vem (I) before the infusion was started, 
(2) after tlie bladder was first washed just pnor 
to beginmng the first urme collection period, (i) 
after the second collection period, and (4) at the 
end of the last collection period Double strength 
colorless hepann was used to prevent clotting 
The blood was centnfuged at once, the plasma 
separated, and an accurately measured 2 cc sam- 


ple set aside for mulm analysis Oxalate was 
added to the rest of the plasma for urea and 
phenol red determinations The urea was deter- 
mined on the plasma and urine by the aeration 
method of Van Slyke and Cullen (16) The 
inuhn and phenol red determinations were ear- 
ned out according to the method of Smith and 
associates (15) All samples were determined in 
duplicate The several plasma concentrations 
were plotted against time and the prease values 
at the middle of each unne collection period were 
determined by interpolation All clearances were 
corrected to a body surface area of 1 73 square 
meters at the suggestion of Smith (17) 
According to Smith (13), the mulm clearance 
is a measure of glomerular filtration and m nor- 
mal man averages about 120 cc per minute, while 
the phenol red clearance is a measure of tubular 
function and has an average normal value of 400 
cc per minute The phenol red clearance is an 
index of renal blood flow The effective renal 
blood flow may be calculated approximately from 
the phenol red clearance and hematocrit by using 
the average phenol red/diodrast clearance ratio 
of 0 56 as reported by Smith, Goldnng, and 
Chasis (15), and normally averages about 1400 
cc per minute 

CASE STUDIES 
Clmtcal history, case 1 

C F, Number 106697, white male, age S3, entered the 
Cincinnati General Hospital November 4, 1938 He had 
been treated for diabetes at this hospital for several years 
Eight hours before admission, immediately following his 
evening meal, he vomited about a pint of bright blood 
At 11 pm. he vomited about one pint of dark, partly 
clotted blood following which he became dizzy and faint 
and was sent to the hospitaL 
The pulse %vas 104, the blood pressure was 122/60 
Free fluid was present m the pentoneal cavity and the 
spleen was palpable. The left leg had previously been 
amputat<^d at the mid-thigh. 

Hemoglobin 6 6 grams per 100 cc , red blood count 
2,600,000, white blood count 9,500 The urine contained 
a trace of albumin, a two plus test for sugar, and a one 
plus test for acetone. The stools were tarry and chemical 
tests for blood were strongly positive. The blood urea 
nitrogen was 50 mgm. per cent, the blood sugar 351 mgm 
per cent, and the carbon dioxide corabming power 49 
volume per cent 

On the second hospital day when the blood urea nitro- 
gen was 37 mgm per cent and the blood pressure \vas 
12S/75t kidney iuncUon tests were done and found to be 
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TABLE I 

Sumnuxry of urea tnuJtn and phonal red cJearancts in ecu* i 
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above the average normal (Table I) The patient died 
on hu fourth hospital day at which tinv the blood urea 
nitrogen waa 17 mgm, per cent Hepatic arrhoau and a 
ruptured esophageal varlx were found at necropsy 


TABLE U 

Summary of urea inultn and phenol red dearanau in cos* 2 
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Cluucal huiory cast 2 

H. Number 101434 white male age 55 entered 
the Cinemnari General Hospital August 18 1938, six 
hours following the vomiting of what he estimated to be 
a quart of bright blood. He had had three prcvioas 
episodes of bleeding from the gastro-mtcstmal tract m 
the preceding (our years. In 1931 he had been found to 
have a perforated duodenal ulcer 

Upon axlmission the pulse was 96, the blood pressure 
152/W The hemoglobin was 9.8 grams per 100 cc, red 
blood count 3,600000. The urinalyiis was normal His 
stool was liquid tarry and gave e strongly positive 
chemical test for blood. The blood urea mtrogen was 
24 mgm. per cent, the plasma chlorides 546 mgm. per 
cent 

Following another bout of hematemesli on the third 
hospital day die blood urea nitrogen was 40 mgtu, per 
cent Kidney function tests were done at this time and 
were repeated ten days later (Table II) The urea and 
phenol red clearances, when first determined, were mod 
cratejy decreased the muUn clearance was normal, and 
the renal blood flow was dimmished. The urea clearance, 
however was not suffioently reduced to account for the 
elevated blood urea mtrogen. Ten days later the urea 
clearance was normal although the inuHn clearance was 
defimtdy reduced and the phenol red clearance less than 
On the first determination. The discrepancy between the 
urea and mulm clearances was not explained. 

Cltnical huiory ccue 3 

C K., Number 101015 white male, age 62, entered the 
Cincinnati General Hospital on August 9 1938. Two 
days before admission he suddenly experienced vague cpl 
gastric discomfort followed by the vomiting of a large 


amount of dotted blood. On the day of admission he 
vomited dark blood several times. 

The pulse was 88. The blood pressure was 90/40 
but rose soon afterwards to 118/50, The abdomen was 
negative. 

table ni 


Summary of urea tnultn and phenol red clearances in case 3 
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The hemoglobm was 5.8 grams per 100 cc. red Wood 
count I,800/)00. The urine was normal The stools 
wxre tarry and the guaiac lest lor blood was strongly 
positive. The blood urea nitrogen on admission was 40 
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mgnL per cent, carbon dioxide combining power 52 vol- 
ume per cent, and the plasma chlonde 564 mgm. per cent 

Kidney function tests were done shortly after admis- 
sion and again on the fourteenth hospital day when the 
blood urea mtrogen was 13 mgm per cent (Table III) 
There was a reduction of all the clearances and a de- 
crease m the effective renal blood flow The decrease 
m the urea clearance, however, was not sufficient to ac- 
count for the elevated blood urea content Fourteen days 
later there was no sigmficant change m renal function or 
in the effective renal blood flow although the blood urea 
nitrogen was normal 

Clinical history^ cose 4 

W B, Number 106702, white male, age 57, entered 
the Cincinnati General Hospital on November 4, 1938 
He had had two episodes of hernatemesis m the past and 
had been found to have a hypertrophic gastritis The 
night before admission he suddenly vomited a large 
amount of blood* This was followed by the passage of 
three liquid dark red stools Shortly after admission he 
agam vomited a large amount of dark clotted blood 

The pulse was 100, his blood pressure 115/70 The 
hemoglobin tvas 88 grams per 100 cc*, red blood count 
2,700,000 The urinalysis \va3 normal The stools were 
tarry and gave a strongly positive test for occult blood 
The blood urea mtrogen was 41 mgm per cent and the 
carbon dioxide combmmg power of the blood 56 volume 
per cent 


TABLE rv 

Summary of urea, tnultn, and phenol red clearances %n case 4 
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140 

106 

50 

37 

82 4 

356 

836 

2 

118/70 

16 

3^1 


158 

1 IS 

53 

40 

740 

302 

701 

3 

1 

122/70 

12 

4X0 

1 

64 1| 

1 

193 

1 

IBl 

59 

46 

78 2 

377 

888 


OBSERVATIONS ON NOVEMBER 8 1938 


1! 

148/70 

14 

vv 1 

14 6 1 

129 1 

0 74 1 

47 

3l| 

1000 1 

355 

790 

2 

145/70; 

15 

10 

14 8 

137 

0 79 

42 

33 

950 

371 , 

829 

3 

145/70 

11 

20 

15*2 

145 

004! 

67 

52 

970 

421 j 

989 

4 

140/70 

10 

2.4 

15 7 

152 

008 

73 

54 

990 

462 

1030 


Four hours after admission the blood urea mtrogen 
had nsen to 64 mgm* per cent Kidney function studies 
were done at this time and agam three days later when 
his blood urea mtrogen was 15 mgm per cent The 
results are shown m Table IV While there was a re- 
duction of all the clearances and of the effective renal 
blood flow, the decrease m the urea clearance was not 


si^cient to account for the elevated blood urea nitrogen. 
Three days later, when the blood urea nitrogen was nor- 
mal, there was no significant difiference m renal function 
or m the effective renal blood flow 

According to Peters and Van Slyke (12), any 
reduction of the urea clearance is due either to 
decreased renal blood flow or to less complete 
extraction of urea from the blood It is possible 
that reduction of renal blood flow played a role 
in reducing the clearances m three of our cases 
but to an extent not sufficient to account for the 
elevated blood urea mtrogen 

It has been suggested that toxic products ans- 
mg from the decomposition of the blood which 
is liberated m the intestines following hemateme- 
sis and melena may lead to impairment of kidney 
function and thus account for elevation of the 
blood urea nitrogen (18) To exclude such a 
factor, the kidney function tests were earned out 
in five individuals two days before and eighteen 
hours after intragastnc admimstration of 2fl00 
cc of citrated blood® The five subjects included 
Cases 2 and 3 and, m addition, three males (free 


TABLE V 

Renal function before and eighteen hours after beginning 
intragastnc administration of 2,000 cc of blood 


CasB 

num- 

ber 

Before blood adminlatration 

After blood admlnUtration 

Blood 

urea 

nitro- 

sen 

_ 

Clearancea 

Blood 

urea 

nltro- 

Sen 

Clearance* 

Urea 

Inulin 

Phenol 

red 

Urea 

Inulin 

Phenol 

red 


■mim 

P*r 

PtT 1 73 

mgm 

per 

rr Per 1 73 


per 

c*nt of 

sq m per 

per 

cent of 

sq m per 


ctni 

normal 

miniUe 

cent 

norm^ 

mtnule 

2 

13 

72 

87 

283 

37 

■El 

83 

268 

3 


54 

74 

239 

, 51 

54 

76 

252 

5 

' 11 

103 

99 

281 

35 

74 

122 

337 

6 

12 

88 

mwm 

363 

26 

81 

116 

339 

7 

14 

113 

117 

316 

54 

108 

128 

348 


of obvious kidney disease) aged 19, 29, and 50 
respectively Two of the three had had a recent 
hernatemesis, while the third was suffering from 
optic atrophy The results show that no signifi- 
cant change m renal function occurred (Table V) 

®The blood, which was previously stored m the blood 
bank for three weeks, was given by stomach tube ai 
doses of 700, 700, and 600 cc at four-hour intervals 
Following introduction of the blood, there was a distinct 
rise m the blood urea nitrogen reaching a maximum 
twenty hours after the first dose was given (6) 
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SUMMARY ANB CONCLUSION 

The urea, mulin and phenol red clearances 
may be either normal or reduced in the presence 
of the mcreased blood urea nitrogen content which 
follows hematemesis The reduction in the urea 
clearance may be due to the decreased renal blood 
flow but is insufficient to account for the mcreased 
blood urea content and persists m spite of the 
return of the blood urea mtrogen to normah 

The elevation of the blood urea nitrogen con- 
tent which follows hematemesis m the absence of 
shock IS not due to impairment of kidney function 

We wish to thank Professor Homer W Smith for 
the collaboration of Hiss Anna Loblm and for hu cHti 
asm and adrice, 
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In former publication 5 from this laboratory themselves by such means as their capsules. 
(1 2) it was shown that diabetic patients were Thus infection with its accompanying mflamraa- 
unable to form agglubmn to as high a bter as bon would appear to consist of an intcracbon 
normal controls following moculabon with a B . of the offensive and defensive forces of both the 
typhosus vaccine given according to the standards f host and the mfeebng agent 
tcdimquc- It was further demonstrated that the In this report are presented the results of some 
bactenadal power of the blood from diabetic pa- further observations and experiments on the for- 
bents was definitely less than that of normal con mabon of antibodies and the resistance to infcc- 
trols when tested agamst six pathogeme organ^>) bon m diabetic patients and experimental animals 
isms. This failure was found to be due to the In the latter an attempt has been m ade to repro- 


amboceptor, as the blood from the diabetics con 
tamed complement in an amount equal to that of 
non-diabeUc controls At the same time it was 
shown that the smallest amount of agglutinin was 
formed by those diabetics who were m the most 
unsatisfactory metabolic balance. Rabbits which 
had been kept on a low food intake for several 
weeks before the inoculation with vaccine always 
showed a similarly diminished abihty to form ag- 
glutinm with some alteration m metabolic balance 
as evidenced by a marked loss m body weight 
From these mvestigations it appeared that at least 
a part of the commonly recognized susceptibiltty 
of diabetics to mfcction might be concerned with 
their decreased power to form immune bodies as 
compared with normal individuals. 

A large part of the previous work on the re 
sistance of the body to disease has dealt only with 
the immunological aspect In addition to the 
variations m antibacterial activity there are, of 
course many chemical and physical alterations m 
the tissues and fluids of the host which may havcj 
an influence on the ability of the body cells toj 
react to such bacterial products as arc not over 
come by the antibacterial forces of the bodyp The 
hactena themselves have a vanable ability to at- 
tack the host with their toxins and to protect 

1 Aided by a grant from Eli Lilly and Company In 
dianapolu, Ind. 


duce certam of the factors which are commonly 
present in the diabetic with a view to detenmning 
their mfluence on the abihty of the body to resist 
infection Among these factors arc the amount 
of sugar of the blood the total protein albumin 
globulm, and cholesterol of the scrum and gly- 
cogen of the tissues. These factors have been 
studied m connection with (1) the abihty to form 
antibodies in both diabetic patients and expen- 
meotal animals (2) the survival time after intra- 
venous moculation of animals with bacteria, (2) 
the spread of bacteria throughout the body from 
an experimentally inoculated focus and (4) the 
ability of the blood to destroy the bacteria m vtvo 

In cxpcrimenti on the formation of antibody B ty 
phonn vaceme was used according to the atandard tech 
nique. In all other experiments BUipcmions m normal 
saline of an IS-hom broth culture of staphylococcus au 
reus were used- This strain of staphylococcus aureus, 
which has been used throughout the entire raratigation, 
was isolated from the blood of a fatal case of bactormla, 
and has been mamtamed for the past 3 years by semi- 
weekly transplants on plain agar plates. Only smooth 
colonies were fished for transplant so that few rough 
colonies appear m the culturc. 

Thc blo^ sugar was determined by the Benedict 
method serum cholesterol by Bloor s method, and scrum 
protein and scrum albumm by Pregls roodificatioo of 
the KjcldabL Serum globulin was taken as the differ 
cnee between the total protein and the albumin. Gly 
cogen of the tissue was ^tcnnined by a modification of 
PfldgcT*s method. 
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The agglutmative- ttter was measured by Dreyer's 
macroscopic method, using a fonnalinized antigen, read- 
ings being made after 2 hours m the ^vater bath at 55® 
C followed by 18 hours* refrigeration at 6® C 

Quantitative determination of bacteria m blood was 
made by plating one half cubic centimeter of blood in 
plain agar by standard bacteriological technique. Tis- 
sues were ground with sterile sand and plated in plain 
agar plates after proper dilutions with broth according 
to standard technique. Control cultures of bacteria- free 
blood and tissues were made to check the sterility of 
these procedures 

In an attempt to deterrmne the influence of the 
amount of sugar m the blood and the amount of 
glycogen m the tissues on the survival tune of 
experimental animals following an intravenous 
inoculation with bacteria, the following investiga- 
tions were undertaken Normal, adult rabbits 
weighmg about 3 kgm were used Each rabbit 
^vas given intravenously from 1 to 7 cc of an 
18-hour broth culture of staphylococcus aureus 
Different amounts of bactenal suspension were 
given m different experiments, but all the animals 
m each expenment received the same amount 
At intervals after the inoculabon blood was with- 
drawn from an ear vein for culture and sugar de- 
termmation For the sake of clarity the expen- 
ments will be described m three groups 

In Group I the rabbits were given glucose in- 
travenously dunng the course of the bacteremia, 
in Group 11 they were given epinephrine subcu- 
taneously dunng the course of the bacteremia, 
and in Group III they were given glucose intra- 
venously previous to the inoculation with bactena 

In Group I and II blood was withdrawn from 
an ear vein for culture and determination of 
sugar 3 or 4 times at intervals of 4 hours after 
the moculation with bactena The animals were 
used in the same rrder for the inoculation and 
each successive bleeding, so that the elapsed time 
between successive determinations was as nearly 
equal as it could be made, and in each rabbit did 
not vary more than 10 minutes from the average 
for the whole group The animals seldom showed 
any clinical evidence of the septicemia for from 
6 to 8 hours after the inoculation After this, 
however, some began to show symptoms of the 
mfection and 11 or more hours after inoculation 
death occurred 

Group I In 8 experiments 22 rabbits were 
given glucose intravenously and 13 controls were 


given an equal amount of physiological saline so- 
lution The results of the blood cultures on these 
animals are shown m Figure 1 They are given 
as the ratio between the number of bactena in 
05 cc of blood from the rabbits which had re- 
ceived sugar, and the number in the blood from 
the control rabbits used in the same expenment, 
and are plotted logarithmically The cojtnpansons 
were made only between the cultures taken an 
equal number of hours after the mjection of the 
bacteria If only one control rabbit was used 
wth several rabbits receiving sugar, the blood 
cultures of the latter were each compared with 
the single control If more than one control rab- 
bit was used, an average of the number of bac- 
tena m the blood cultures of all the control rabbits 
was used for companson with the number of bac- 
tena m the blood of each rabbit receiving sugar 
These ratios are grouped according to the sugar 
m the blood of the glucose-treated rabbits taken 
at the same time as the blood culture In the 
first sub-group are shown those m which the blood 
sugar was below 140 mgm , in the second sub- 
group those with blood sugar between 140 and 
200 mgm , and in the third sub-group those with 
a blood sugar over 200 mgm per 100 ml of blood 
at the time the culture was taken 

It IS evident that there is no sigmficant differ- 
ence in the number of bactena in the blood of 
those animals given intravenous glucose during 
bacteremia, whether their blood glucose was nor- 
mal or high, and the controls with a normal blood 
sugar 

Group II In 3 experiments 7 rabbits were 
given epinephrine and 5 were used as controls 
The bactena were given intravenously 1 hour 
after the first mjecUon of epmephnne while the 
blood sugar was above 200 mgm per 100 ml of 
blood Blood for culture and sugar determina- 
tion was withdrawn as m the experiments of 
Group I 

The results are also shown in Figure 1 It is 
apparent that there is no significant difference 
between the number of bactena in the blood of 
the control rabbits and that of the rabbits with 
hyperglycemia produced by injections of epuie- 
phrme 

Group III In 4 expenments m which 16 rab- 
bits were given glucose and 9 were used as con^ 
trols, 7 intravenous injections of from 2 5 to o 
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grams of glucose were given at hourly intervals^ 
followed after the seventh injection by the m 
oculation with bacteria as previously dcscribciL 
No glucose was given after the moculation 
Blood for culture and sugar determination was 
withdrawn 15 hours later 


The results of these determinations are also 
shown in Figure 1 It is evident that the injec- 
tion of glucose before the bacteria were given 
had no significant influence on the number of 
bactcna m the blood 

In order to dctermme the effect of the bac- 
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Fig 2. Du^^ATro^^ of Life in Hours After Inoculation with Bacteria in Experiments Numbers 1 to 16 
O === rabbits receiving glucose or epinephrine* • ~ control rabbits 


teremia on the rabbits, their survival tune after 
inoculation was studied The results are shown 
m Figure 2 The difference in number of bac- 
teria injected makes a comparison between ani- 
mals m different experiments difficult For this 
reason numbers 1, 5, 10, 16, 11 and 12, in which 
4 or 5 ca of the broth culture were used> were 
selected for analysis In these experiments 12 
rabbits had been given glucose during the bac- 
teremia, 9 had been given glucose before the 
bacteremia, and 12 were controls Table I shows 
the average duration of life in hours of the ani- 
mals m these three groups 
Glucose appears to have no significant influence 
on the duration of life when given during the 
bacteremia, but when given for several hours pre- 
vious to iniechon of the bacteria there is a greater 
increase ^ ^^vival time, although the significance 
of this IS i As approximately the same 

. I ^ been mjected into all these 

'' no significant vanation 
culture. It would ap- 


TABLE I 


Survival lime of rabbits xvtthout glucose and mth glucose 
during or before the bacteremia produced by intra^ 
venous injection of staphylococcus aureus 


Hour* o( survival 

Control rabbits (12) 

17±1 8 

Rabbits given 1 V 

glucose during bac- 

teremia (12) 

21 ±4 7 

Rabbits given I V 

glucose before bac- 

teremia (9) 

34d=6 2 


pear that the longer duration of life may have 
been due to resistance to the action of the bac- 
tena provided by the glucose given before the 
bacteremia 

In view of these expenments, which suggest 
that glucose, given intravenously, may increase 
the resistance of the body to the bacteria, the gly- 
cogen content of the hver v{as determined as evi- 
dence of the glycogen stores of the body The 
averages of these determinations are shown in Ta- 
ble II The tissue was taken under nembutal 
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anesthesia when it was evident that the animal 
would die soon The greatly increased glycogen 
m the hver of the rabbits receiving glucose intra- 
venously as shown in this table is correlated with 
the longer duration of hfc in the rabbits in Group 
III shown m Table I 

In view of these results it was deaded to con 
tinue this work with dcpancreatued cats It was 
thought that in this way an experimental diabetes 
could provide a more prolonged hyperglycemia 
than was obtained m the rabbits and certain other 
alterations in the chemistry of the body commonly 
found m diabetic patients 

TABT.y: XI 

Per cent of Itoer g^ycofen tn rabbiU which had received 
injections of hacUna tenth glucose intravenously or 
eptnephnne suScutanooudy 


Per cect of Urer 
tlycofra 


Control rabbiti 0 63 ±0 244 

Rabbits recelvljig epinephrine sub- 
cutnneomly OJ6dbO 237 

Rabbits receiving glucoec Intra 
venously 6J8±1 27 


Normal cals about 2J kgm- in weight were completely 
dcpancreatued and mamtamed for from 3 to 60 days 
on a diet of fish, beef hver and pancrcai- Insulb was 
given snbcatancotuly twice daily in different amounts, 
depending on the diet. No attempt was made to main 
tain oonnal blood sugar In order to vary the nntntrve 
condition of the animat^ the diets given varied from a 
normal diet to ooe slightly above basal requirements. 
Some cats refused food for several days before the 
experiments in which they were used. 

Thirteen experiments were done m each of which 1 
normal and 2 dcpancreatized cats were generally used. 
At the bcginnmg of each experiment, under nembutal 
anesthesia, blood was taken from the mfenor vena cava 
for dcterminaboo of sugar scrum cholesterol and scrum 
protein, and tissue from liver and muscle for glycogen. 
One cc, of staphylococcus aureus suspcnsioo per Idlo of 
body weight was then mjected mto the infenor vena 
cava. For earh experiment an 18-hour broth culture 
was centnfuged and the bacteria resuspended m physi 
ological salme solution so that each cubic centimeter con 
tained 2,000 rmlllon bacteria. At 24 and 48 hours after 
the moculation such ammalt u were still hving were 
anesthetized and blood and tissue removed as al 
ready described- Blood was removed at these tunes for 
culture also One-balf cc. of blood was plated \vith 
agar m Petri dishes according to standard blood culture 
tcchmqoc. After 48 hours mcubation at 37 C the 
colonies m each plate were counted. 

In order to determine the effect of the operative proce- 


dures on the ammals 3 normal and 3 dcpancreatized 
cats were operated on from 2 to 4 tunes without inocula 
bon with bacteria. One of these cats became mfected 
and died. The other S lived. It would appear there- 
fore, that as both the dcpancreatized and the normal con 
trol cats were operated on in the same manner the opera 
tive procedures were not a significant factor as between 
the two groups. 

For purposes of corapanson the dcpancreatized 
and the normal control cats were divided into 
four groups according to the survival tunc after 
moculation with bacteria. In the first group 6 
dcpancreatued animals hved less than 18 hours 
after the inoculation. No normal cats died withm 
this time. In the second group 5 dcpancreatued 
cats hved longer than 18 hours and less than 30 
hours One control animal died withm these 
limits In the third group 13 depancrcatued cats 
survived to more than 30 hours and less than 80 
hours Eleven normal cats died within these 
limits after receiving the bacteria The fourth 
group comprised those animals which recovered 
entirely from the mfection. In this group there 
were no dcpancreatized cats, and 4 control cats 


TABLE m 

Duration of Ufe tn hours after tnoculaium tenth bacteria, and 
llycogen of Itoer tn depan creatuid and normal cats 



LMtWa . 

18 benm 

18 to 30 
bo«n 

30to90 

bow* 

QuulroJ 

bfwdoD 

Dapuerwlkad 

V€r mt 

jxr cni 

rer ct*i 

po-oaU 

ol*. 

(s) ci.u±aii 

0) L8U=0J1 

CU) 174±0,28 

Koa* 

Komsl caU. 

Kom 

0) UI 

(U) sa8d=aM 

(4) 


NumberofanJmAlslneachgroupii&hownlii parentbeies, 
liver glycogen in per cent. 


The survival tunc and the glycogen of the hver 
of these cats at the tune of moculation with bac 
tena are shoivn m Table III It would appear 
from these experiments that as shovm in this ta 
ble those dcpancreatued animals which had more 
glycogen m the hver at the time of inoculation 
survived a longer tune after the inoculation wth 
bactena 

The amount of glycogen m the muscles of these 
animalq at the time of moculation is sho^vn m Ta 
ble IV It IS apparent that there is no significant 
correlation between the survival of the a n i m als 
and the glj cogen of the muscle at the tune of 
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TABLE IV 

Duraiwn of life tn hours afUr fnoculctton mth hacUna, and 
glycogen of muscle tn aepancreahzed and normal cats 


1 

1 

Less than ! 
18 homa 

18 to 30 
iioura 

30to80 

I boon 

Survived 

In^tioQ 


pereaU 

ptrcerii 

[ p€fcaii 

1 

per uni 

cats 

(fl) 0^0 18 

(5) 

(13) 0.99±0 08 

None 

Normal cata 

None 

(1) 0 97 

;(11) OflSdiOOS 

(4) 0,99±0 17 

1 


inoculation m either the depancreabzed cats or the 
controls 

The loss in the amount of glycogen m the liver 
during the 24 hours after inoculation of the cats 
which died is shown in Table V The cats in 
Group I did not, of course, survive long enough 
to have a second operation 

TABLE V 

Percentage loss of Itver glycogen of depancreaitzed and normal 
cats during Z4 hours following their imcidaiion 
with bacteria 



Group II 

18 to 50 hours 

Group 

1 in 

1 30 to 80 
hours 1 

Group IV 
survive 
infection 

1 

Depancreatized cats | 

per unt 

52 ±21 (3 cats) 

Per cent 1 

46±9 7 

per cent 

(No cats) 

Normal cats 

61 (1 cat) 

46±9 9 

4I±11 2 


It IS evident that there is not a significant dif- 
ference m the percentile decrease of glycogen in 
the liver in depancreatized cats as compared with 
normal cats In Group II, m which the ammals 
lived for from 18 to 30 hours after the inocula- 
tion, only 3 depancreatized cats lived over 24 
hours and were available for a second determina- 
tion of glycogen 

The change m the glycogen of the muscle was 
found to be highly variable and very different 
from that of the liver durmg the 24 hours after 
inoculation Of the depancreatized cats in Group 
III, which lived from 30 to 80 hours after the 
inoculation, 4 had an increase of from 13 to 28 
per cent, while 7 cats lost from 7 to 74 per cent 
of the amount of glycogen present 24 hours ear- 
lier In the normal cats 5 showed an increase in 
muscle glycogen of from 35 to 87 per cent, while 
6 showed a decrease of from 8 to 79 per cent 
There was thus no constant reaction of the muscle 
glycogen to the infection nor was there any cor- 


relation between it and the duration of life after 
moculation In those animals m which there was 
an increase in percentile muscle glycogen there 
was usually a greater decrease in the percentile 
glycogen m the liver With such changes m dis- 
tnbution of the glycogen m the body no infer- 
ences can be drawn as to total body glycogen 
The number of bacteria m the blood 24 hours 
after inoculation varied greatly m both the de- 
pancreatized and in the normal animals There 
was, however, no sigmficant difference m this re- 
spect between the two groups Table VI shows 
the results of these determinations 

TABLE VI 

Blood sugc^ and number of bacteria per 0 5 cc of bloody cul- 
tured Z4 hours after inoculaiion with bacteria, in 
depanaeecdwd and normal cals which died 
18 to 80 hours after inoculation 



Blood suffar 

Number of 
bacteria per 
0 J cc of 
blood 

Depancreatized cats 

T?t£m 

Over 200 

2226±1034 

Under 200 

1009 ± 980 

Normal cats 

Over 140 

363± 300 


Under 140 

1279±1100 


All cultures of the blood at the end of the 24-, 
48- and 72-hour penods contained bactena In 
those animals which died there was no correlation 
between the number of bactena in the blood at 
these times and the duration of life after inocula- 
tion with bactena In the 4 normal cats which 
survived the infection there appeared to be a defi- 
mtely smaller number of bactena per 0 5 cc of 
blood at these times Cultures on these animals 
made at the end of 24 hours contained 96 ± 43 
bactena per 0 5 cc of blood A study of the 
sugar and of the number of bactena in the blood 
of the depancreatized animals shows no significant 
correlation bebveen them 
The cholesterol of the serum m the depancre- 
atized cats varied from 65 to 277 mgm per 100 
ml of blood and showed no correlation with the 
hours of survival after inoculation with bactena 
In the normal cats the cholesterol of the serum 
was in general slightly lower than in the depancre- 
atized cats, varying from 87 to 185 mgm per 100 
ml of blood No correlation appeared, however, 
between the survival time and the cholesterol of 
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the blood m these animals either in tlie individuals 
or in tlie averages of the groups 
The total protein m the serum of the dcpancre- 
atizcd cats vaned behvecn 6 07 and 8 65 per cent 
and of the normal cats from 6^ to 8,15 per 
cent No significant correlation was found m 
these animals between the protein of the serum 
and either the duration of hfe after inoculation 
with bactena or the number of bacteria in the 
blood. 

In the foregomg experiments m which the bac- 
teria were given mtravenously it is recognized 
that this method of moculation is not above end- 
asm, in that it docs not reproduce mfection in the 
experimental animals m the manner in which it 
occurs m the patient Seldom, if ever docs the 
blood stream receive bactena m the large num- 
bers given m those expenraents For that reason 
it was deaded to conUnue the investigation by 
givmg a much smaller number of bactena intra 
dermally and after a certain number of hours to 
examine the blood and vanous tissues m order 
to determine whether the bactena m the skin 
were destroyed and whether there might be foimd 
m the normal and depancrcatued animals any 
sigmficant difference in the frequency with which 
certam other organs of the body had become in 
fected from this focus. In this mvestigation cats 
of the same weight as those used m the carher 
experiments were dcpancreatized and maintained 
in the same manner 

In from 3 to 65 days after pancreatectomy (XI cc. of 
a sujpciuloii of ftnphylocxiccus aurem made from an 
18-hour broth culture wai injected mto the jlon of the 
abdomen of 2 depancrcatized cats and 1 normal cat 
The *iupcniion was made so that 0 1 cc contamed 8 
million bactena. After 24 hours the animals were ana 
thetized with nembutal and the moculated area of skin 
at well at the blood, Uyct and tplecn, %Tat cultured by 
ttandard bacteriological technique. The cultura were 
made quantitatively so that the raulti showed the num 
ber of bactena m (XS cc of blxiod, I gram of liver half 
of the tpicen, and the entire moculated area of the ikfn. 
In order to control the tterility of the method, a number 
of cultura of normal ikin were made No bactena were 
recovered m tbetc culture*. An adjacent piece of hver 
•pleen a piece of skm from the side of the body opposite 
the area of usoculaUon and symmetrically located and a 
piece of muscle were taken for determination of the 
glycogen content Blood was alio taken for sugar and 
for total protein albumin, and cholaterol of the scrum. 
The serum globulin was taken as the difference between 


TABLi vn 

Fcruntaid of depancreahud and control cats t* tkt organs of 
wkui baoiasa xoert found 24 hours afUr tn tntra^ 
dermai vnocvlatCon of staphylococcus aureus 



Nonnal 

Dtpan 

cmtlzed 

Number of ammal* inoculated 

38 

58 

Per cent with baxrterla in hver 

35 

77 

Per cent with bactena in ipleen 

29 

81 

Per cent with bax:teTia In blood 

16 

19 

Per cent with bactena m skin 

76 

78 


the total protem and the albumin. Thirty-eight normal 
and 58 dcpancreatized cats were studied m this manner 

Table VII shows the results of the cultures in 
these animals As wll be noted there is no dif- 
ference between the normal and the depancre- 
atized cats in the frequency with which the blood 
and the site of inoculation m the skm contam 
bactena. However the hver and spleen of the 
dcpancreatized animals contained bactena with 
defimtely greater frequency than those of the nor 
mal controls Furthermore, as shown m Table 
VIII the hver and spleen of the depancrcatized 


TABLB vui 

Bactena tn liver and spleen »« normal and depancreaheed cats 


um 

U EOnail uU. 

llpa fit rnntiliilhiiiwli 

77 bftotarli p«r txtm of 

SI ikpanejBztod ati 

77 ptfcaot oomUloed bictoU 

SOO b*ct«U ptr cna of 
tboM 

mxsM 

U nomul als, . 

U dtTwacTtttlMd 

19 pw cot fontihi*! IwlMrU 
SI p«r c*at wrrtiWd bwiarji 

31 b4ctarU p* fple«D 

MO bKtarU per 


animals m which bactena were present contained 
a much larger number of organisms than did 
those organs m the normal controls which con- 
tamed bacteria. No significant difference is 
found in the chemistry of the blood and tissues 
m the normal and dcpancreatized animals Table 
IX shows an analysis of the amount of gl>'cogcn 
in the hver and skm of the sugar of the blood 
and of the cholesterol, total protein albumm and 
globulin of the scrum of the depancrcatized cals 
It ivas not possible to find any sigmficant correla- 
tion bchveen the hver glycogen sugar cholesterol 
total protem or albumm and the presence of bac 
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as high a titer as normal controls In this \vay 
It was thought possible to reproduce at least some 
of the factors commonly found m the diabetic 
patient and to ascertain, if possible, the influence 
of these factors on antibody formation To this 
end depancreatized and normal cats were given 
B typhosus vacane and the sugar of the blood, 
the agglutinative titer, total protein, albumm, glo- 
bulin and cholesterol of the serum^ and glycogen 
of the liver and of the muscle were determined 

Two senes of experiments were earned out 
In both senes normal cats weighing about 2 5 
kgm were depancreatized and, after recovery 
from the operation, were placed on a diet consist- 
ing of pancreas, fish and liver Regular insulin 
or protamine zinc insulin was given in sufficient 
quantity to maintain the animals in as nearly 
nonnal a condition as possible The controls 
were normal cats of about the same weight main- 
tained throughout the duration of the experiments 
on a diet of fish and beef heart The cats in 
the first senes of experiments were given a diet 
of two and one half times the basal requirement 
with more insulin, while those m the second senes 
received 50 per cent more than the basal require- 
ment of food and less msulm than those of the 
first senes 

In each experiment 3 control cats and 3 cats 
depancreatized from 2 to 60 days previously, were 
generally used All were given 0 1 cc of B ty- 
phosus vacane intravenously Four depancrea- 
tized cats and 1 control cat died less than 24 hours 
after receiving vacane 

In the first senes of experiments a total of 6 

table XII 

AggluUwUive Uier o/ depancreatized and norntal cats 


Im 0saiK« 


Agglutinative 

Uter I 

1 j 

l/iol 

1/80 j 

1/ieo 

1/320 

j 1/Woi 

1/1280 

1/2500 i 
] 

Died 

Konnal cats | 

1 

2 j 

3 

0 

2 

1 

1 1 

1 

cata | 

0 1 


1 

I { 

1 1 

3 

1 

1 1 

3 


Bxaiss 


Agriutinative 

titer 

1/20 

1/40 

1/80 

1/160 

1/320 

1/640 

1/1280 

1/2560 

Died 

Nonnal cata j 

1 1 

2 

3 1 

1 

0 ! 

0 

0 

0 

0 

Depancreadied | 

oata 

1 

0 

J 

1 

1 1 

J 

3 

1 

1 

i 

3 

2 

0 

.1 

1 


depancreatized and 10 normal cats which survived 
the inoculation were anesthetized with nembutal 7 
days after inoculation, and blood was taken for 
determination of the agglutinative titer Table 
XII shows the agglutinative titer of these animals 
It IS apparent from these figures that there is no 
significant difference m the agglutinative titer of 
the serum of the normal and of the depancrea- 
tized animals 

A second senes of experiments was done on 
6 normal and 12 depancreatized cats All proce- 
dures were the same as those used in the first 
senes except that a different lot of B typhosus 
vaccine was used, and the animals were given a 
lower calonc diet and less insubn The aggluti- 
native bter of the blood of these animals taken 
on the 7th day is shown m Table XII It will 
be noted that on this day there appears to be a 
slightly higher titer in the depancreatized than 
m the normal cats of the second senes of ex- 
periments 

Table XIII gives the results of the other ex- 
aminations of the blood and tissues in these ani- 
mals The table shows that, although the serum 
cholesterol is generally lower in the depancre- 
atized animals, there is no correlation between 
this and the agglutinative titer m the individual 
animals However, of the 4 cats with the lowest 
titer, 2 had no chemical analyses Of the other 
2, both had much lower hver glycogen than any 
of the normal or other depancreatized cats, and 1 
had lower serum protein and serum globulin than 
the other cats Exammation of the individual 
protocols indicates that these 4 cats were less well 
nounshed, either through refusal of food or in- 
adequate insulin, than any of the other depancre- 
atized cats m the table Their average daily in- 
take of meat during the experiments vaned be- 
tween 39 and 69 grams while the other depancre- 
atized cats took between 97 and 130 grams of 
meat daily 

The elapsed time between the pancreatectomy 
and the inoculation appears to have no influence 
on the formation of agglutimn 

It IS apparent from the above experiments that 
depancreatized cats, as compared with normal 
controls, may lose the abihty to form antibody 
in the blood when their nutrition is impaired 
They may thus he compared to the diabetic pa- 
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TABLE Xm 

Cktmtcal analysts of the hlood and iistue of dtpantnaixztd 
and normal cals tn vohck tho atiluitnattve Uttr w 
shown tn Tabls XII {end jm«) 

KORMAL CATS 


1 

3 

■S 

In 

•3a 

1 


1 

1 


1 

! 

1 

i 

718 

UW) 

M-101 

18» 

n*l 

z 

LSO 

J>tr 

tad 

4j00 

ani 

0A8 

Ptr 

ctfd 

007 

719 

1/110 

M-IM 

194 

UO 

iJ2 

1.18 

0.64 

006 

714 

1/lU 

50-84 

IM ' 

6.00 1 

Tlf 


U7 

016 

719 

l/3» 

•0-M I 

m , 

^7J4 

toi 

4J8 

Lia 


711 

1/80 

M-80 1 

ttJ 

OJO 1 

TS 

Tts] 

OlSS 

OH 

nT 

1/80 

e8-«8 

TiT 

lU 

>33 

W»] 

OSO 


Atvbcb 

in 

IjT 

TA3 

! 

094 

dJOJOt 

tU3 


DEPANCRKATirED CATS 


1 

3 

ll 

1 

1 

i 

£ 

j 

1 

1 

1 

1 

1 

1 


Ml 

l/UOO 

Wff*. 

376-ai 

UT 

PO" 

emt 

8.23 

cat 

3JT 

fni 

5I» 

Ml 

065 

Mi 

016 

-hH-+ 

39 

893 

i/mo 

93-350 

63 

8.73 

3J3 

640 



++++ 

34 

688 


157-310 

77 

OAl 

3J3 

130 



±taO 

29 

689 

1/640 

84-016 


8.45 





-H-H- 

U 

713 

1/640 

384-3S8 

360 

too 

125 

175 




3 


1/WJ 

393-344 

uT 


140 


~064 

013 

-H-H- 1 

U 


1/UO 

i»4-r6 

90 ' 

7J8 1 

196 


on 

031 

l-H t- 1 

81 


1/330 

133-103 

lit 

Ta4 

154 

loo 

U9^ 

aa4 

± to -HHH- 


T16 

l/» 

300-344 

60 

5.10 

135 

1» 

036 

W 

-l-H-l- ' 

3 

717 

1 /n 

193.340 

67 

A79 

156 

4J^ 

(U5 

OOP 

-H-H- ; 

3 


j/« 



1 

1 

1 


18 

«r 

i/iw 

13-306 Died TTiidAy 




I] 

zt to -h-f ~f -1 - 1 

'iT 

Amc^ 

115 

TJ7 

174 

4.7* 

AAA 

±019 

013 




tients and the underfed rabbits reported in prevt 
ous communications Of course little is known 
concerning the antibody response to a bactcnal 
antigen m cats They were selected for this 
work however because at the tune it had hardly 
been demonstrated that the pancreas may be 
safely removed from rabbits the animals on 
which most of the antigen antibody work has been 
done It appears that the cats vary considerably 
m their response to the vacane though, on the 


whole It would seem that they have less capacity 
than some other ammals to form antibodies fol- 
lowing the mjcctiou of vaceme, 

Tlic fact must not be overlooked that, while 
we do produce m the depancrcatizcd animal kept 
under partial control with insulin some of the 
alterations m blood and tissue chemistry com- 
monly found in the diabetic we do not produce 
diabetes melhtus as a defimte chmeal entity 
The long duration of the diabetic state m the pa- 
bcut, as compared with the relatively short time 
in these experiments between pancreatectomy and 
inoculation of the animals with the vaceme may 
have a sigmficant influence on antibody fonnatioru 
Furthermore some endoenue or other metabolic 
alteration perhaps present m the patient, but not 
found m the animals under the conditions of 
these experiments may account for the differ- 
ence m the reactions m the two groups 

DISCUSSION 

Without attempting to make a final rqwrt now, 
it is, nevertheless, desirable to indicate certain 
conclusions which may properly be drawn from 
the foregoing experiments It would seem that 
the impaired ability to build agglutinins noted in 
the diabetic patient is possibly assoaated with 
long continuauon of the pathologic state In all 
of these experiments variations in the blood chem 
istry, some of which are commonly found m the 
diabetic patient appear with the exception per- 
haps of globuhn to have no effect on the forma 
tion of agglutinins the survival after mtravenous 
inoculation with bacteria, the growth of bacteria 
m the blood or the dissemination of bactena to 
various organs from a primary focus m the skin 
There is a significantly smaller amount of serum 
globulm m the blood of those depancreatized cats 
m which the Uver or spleen showed bactena 24 
hours after the intradennal inoculation with bac- 
tena, The decreased abihty in the patient to 
form agglutmins may perhaps be caused by an 
altered nutntional state similar to that m the 
underfed rabbits and the last 4 of the depancre- 
alized cats m Table XHI 

The ability of the expcnmental animal to sur- 
vive after a bactenal infection appears to be defi- 
nitely mcreased by the presence of a larger 
amount of glycogen m the liver or by some meta- 
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bohc change which accompanies this increased 
liver glycogen On the other hand, this larger 
amount of glycogen does not appear to increase 
the ability of the individual tissues or organs to 
inhibit the growth of bacteria coming to them 
from a primary focus in the skin 

In these expenments it was evident that de~ 
pancreatized cats exhibited definitely greater fre- 
quency of dissemmation of bactena from a focus 
m the skin to the liver or spleen These obser- 
vations m the animals under the conditions of 
these experiments accord fully with the clinical 
experience that, in general, the diabetic is less 
able than the normal person to control adequately 
even a mild infection in the skin 

Whether this inability to curb the bactena re- 
sides in the tissues of the primary focus or in 
the organs to which the bactena are disseminated, 
or both, is as yet unknown The abnormal condi- 
tion which allows the bactena to invade the or- 
gans of the diabetic, as well as of the depancre- 
atized animal, may be in the tissue in which the 
primary focus occurs It is suggested from the 
above expenments that the percentile amount of 
glycogen in the skin reflects this alteration m the 
tissue 

CONCLUSIONS 

1 A significant correlation is shown to exist m 
normal rabbits and depancreatized cats between 
the percentile amount of glycogen in the liver 
and the survival time after mtravenous inocula- 
tion with bactena 

2 A lowered nutritional state, accompamed by 
decreased liver glycogen, is shown to exist in de- 
pancreatized cats m which a low agglutinative 
titer IS found after injection of B typhosus 


3 Alterations in the blood of these animals, 
such as are commonly found m diabetic patients, 
do not appear to influence the survival time or 
the ability to form agglutinins 

4 The organs of depancreatized cats 24 hours 
after an intradermal inoculation with bactena 
show the presence of these bacteria with greater 
frequency than do the organs of normal con- 
trols Alterations m the sugar of the blood and 
of the cholesterol, protein, albumin and globulin 
in the serum and glycogen in the liver do not ap- 
pear to influence this dissemination of bacteria 
from a focus 

5 Acidosis appears to increase the frequency 
with which this dissemination of bactena occurs 

6 The percentile amount of glycogen in the 
skin of depancreatized cats shows a suggestive, 
though not clearly sigmficant, correlation with 
this dissemination of bactena from a skm focus 
to the organs of the body 
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cnticisms and suggestions by Dr J Harold Austin, and 
the cooperation of the William Pepper Laboratory of 
Qinical Medicme, Thanks are also due Dr Henry P 
Close, Miss Elizabeth F Barth, Miss Peggy C Kostal, 
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Riboflavin, vitamin serves in its phosphory- 
lated form as the prosthetic group for a number 
of tissue enzymes important m biological oxida- 
tions (1) The mvolved substrates mdude glu 
cose, lactic aad, the d ammo acids, and other 
compounds of biological mtcrest (1, 2, 3) Ribo- 
flavm defiaency has been described m man (4) 
and it seems possible that further chmeal study 
of this vitamm may reveal alterations in its me- 
tabolism which will mcrease our knowledge of 
the role played by these enzymatic oxidation sys 
terns in health and m disease. To aid m mter- 
preting such a study, a convement method has 
been sought for following the urinary excretion 
of riboflavim 

It 13 known that nbofiavin occurs m unne m 
the form of uroflavm, a pigment almost identical 
with it m composition ^ properties and vitamm 
activity (5) but the methods usually rccom- 
mended for its determination (5 6 7 8 9) were 
not found by the writer to be sufficiently convem- 
ent or accurate for routine use More specific and 
accurate determinations arc possible, and smaller 
and more convement volumes of unne ( 1 to 10 cc, 
instead of 100 to 500 cc.) can be used when the 
pigment la estimated not by its optical density but 
by its mtense greenish yellow fluorescence * In 
order to do this, the effect of interfering sub- 
stances must be avoided- With unnes of normal 
mdmduals contaimng 0 5 gamma or more flavm 
per cc. this is readily accomphshed by diluting 
down the salts and other materials to the point 
where they no longer affect fluorescence (10) 
and by destroying the greater part of other pig 

1 The carbon analysis of the pnrtit preparation isolated 
did not qmto agree with that for riboflavin (Koschara 

(5» 

• Pfaltx & Bauer New York Qty Model Ana suit 
able fluorometer provided with an additional cell for the 
mcaanrement of optical density 


ments and fluorescent materials in a bnef per 
manganatc oxidation (5) With unnes of ccr 
tarn patients containmg less than 0-5 gamma per 
cc. some preliminary concentration of the uro- 
flavm is necessary and can be much more con- 
vemcntly and effectively carried out by usmg an 
adsorption column than by adding large quantities 
of adsorbing agent directly to unne (11 12) In 
measunng the fluorescence of the column eluates 
or the diluted unne samples the usual ultra violet 
radiation is not satisfactory since it exates the 
fluorescence of too many substances Measure 
ments of flavm fluorescence arc much more spe 
afic and much more accurate when earned out 
with an cxating beam of visual ^vavcle^gth 
Mercury hne at 4358A‘’ and when the fluoro- 
metne photo electne cell is protected by a yellow 
filter* With such an arrangement the relation 
ship between fluorescence and nboflavm concen- 
tration is hncar for column eluates and diluted 
unne samples (Figures 1 and 2) particularly when 
the effect of any occasional alteration in optical 
density is corrected by means of the cmpincal 
curve illustrated in Figure 3 

METHODS 

/ Adsorption column procedure for measuring 
the nrofiavin content of unnes in general 

An adsorption column * 1 cm in diameter and 
15 cm m length is set up with granular flondm 
earth* which has been washed free of dust and 

* Thu optical arrangement u the work of Dr D J 
Henasey of Fordham Univcmty Chenuatry Department 
and is to be described m detail elsewhere by him. 

*E, Machlett i Sons New York Gty Usually a 
large number of columns and dctcrmmatioiu arc run 
snmiltancously 

* Pomeroy & Fischer New York Qty (30 mesh.) 
Recent prthramary experiments have indicated that a 
heat activated flondm and a synthetic material super 
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adsorbed gases by treatment with 2 per cent acetic 
aad and repeated nnsing with water One to 10 
cc of filtered urine « at pH 5 are passed over the 
column The total volume of the urine sample 
should be made up to about 10 cc so that the time 
of Its passage will be about 5 minutes The col- 
umn is then washed several times with distiUed 
water to remove the unadsorbed urinary sub- 


gamma per cc aqueous solution of riboflavin’ 
fluoresces mth an intensity of 20 galvanometer 
units while transmitting 50 galvanometer units 
of light With this setting of the apparatus the 
column elution blank is fluorescence 6, transmis- 
sion 49 Riboflavin added to this blank solution 
to give a concentration of 0 1 gamma per cc has 
a reading fluorescence 20, transmission 49 As 



Fig I Relationship op Fluorescence to Riboflavin Concentration at Several 
Different Intensities of Illumination 


stances and the uroflavm is eluted by passing over 
the column 20 cc of an aqueous solution of 20 per 
cent pyndme in 2 per cent acetic acid This du- 
ate IS collected and cleared of oxidizable contami- 
nants (5) by the addition of 2 drops of glacial 
acetic acid and 1 or 2 drops of 4 per cent potas- 
sium permanganate The oxidation is stopped 
after 2 or 3 minutes by the addition of sufficient 
3 per cent hydrogen peroxide to decolorize the 
solution (usually 1 to 5 drops) , the total volume 
IS made up to 25 cc with water, and the solution 
IS filtered if necessary 

The fluorometer ins is set so that a standard 0 1 


sorb, are superior to crude flondm earth. These ma- 
terials were obtained from Mr O Fitzsimons, Flondm 
Co, Warren, Pa 

® Twenty-four hour specimens are collected m dark 
bottles provided with 3 cc. glacial acetic aad and kept 
on ice during the penod of collection 


the fluorescence of flavin m these pyndme solu- 
tions IS not very stable, they should be protected 
from light and in taking readings a constant rou- 
tine should be adopted 

The fluorescence and transmission of the elu- 
ates are measured and the uroflavm concentration 
in gammas per cc urine is calculated 

Fluorescence of unknown® — ^ sy sy 
20--6 XUIX 

25 

cc of urine used 

equals uroflavm m gammas per cc urme 

Merck & Co , Rahway, N J This standard is made 
up fresh each day from a stock solution of 50 gammas 
per cc. The stock solution is stable for long periods 
when preserved with a little acetone and protected from 
light 

^Corrected, if necessary, Figure 3 to compensate for 
any mcrease m optical density 
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Fig. 2. MtAsuRiUEKTa or Fluoixscihcx in Solotiowi of Dn-urru Ururt, With 
and WrraoDT Cojuucction roR Opticai, Dtnbity or Soumojca 



UWtT* 

Fig. 3 RjuvTioK*mp bitwixn liTncNsmf or TRANsurrm Light 
AND Intensity or Flxwiescknc* fob a Standard Ridoflavin 
S ocunow or ai Gawma per cc. 
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TABLE I 

The rdtahility of flavin determinations using tJie 
adsorption column technique 

^ Recovery of nboflavin from 10 cc ac^ueous solutions 
of standard Tiboflavm 


Riboflavin in 
10 cc standard 
lammas 

1 25 
25 
50 
75 


Amount recovered 
in pyridine eluate 
per caU 

107 

100,100,100 

98,100 

99 


in the concentrations of organic and inorganic 
matter present dunng the adsorptions Column 
filtrates and washings do not contain significant 
flavin ® and a second eluate with 20 cc of pyn- 
dine reagent gives a fluorescence reading equal to 
that of the column blank The recovery of ribo- 
flavin added to urine (section C) is as good as 
can be expected of an adsorption-elution proce- 
dure earned out in the presence of impurities 


B Duplicate determinations of urofiavm 


Date 

Uroflavin 

per Amount 

Subject cc of unne urine used 




ctdnc 



gammez cenitmifeM 

March 25 

F 

1 1 




1 1 




1 2 


April 22 

F 

1 1 

5 



1 1 

10 

May 6 

F 

20 




17 


April 6 

McD 

0 25 
0 25 


May 6 

D 

0 45 

5 


0 43 

10 

May 7 

D 

0 33 

5 


0 33 

10 

May 9 

D 

0 53 

5 


0 56 

10 

May 12 

D 

0 53 =b 05 (4 deter- 



nunations) 

Recovery of riboflavin added to 

unne 


Uroflavin in 



Recovery of 

apedmen of urine 

Riboflavin added 

added ribcflaviii 

gammoi 



per emt 

2 3 

2 5 


87 

0 63 

2 5 


100 

1 6 

2 2 


87 

2 7 

2 5 


107 

56 

2 5 


104 

30 

2 5 


106 

18 

2 5 


85 

54 

2 5 


100 

17 0 

2 5 


96 

16 0 

2 5 


100 


Table I summarizes a study of the reliability 
of the method Recovery of nboflavm from 
aqueous solutions of standard is good over a con- 
siderable range (section A) Duplicate deter- 
minations of uro flavin (section 5) indicate a high 
degree of reproduabihty \vhich is not affected by 
altenng the amount of unne used This latter 
pomt IS important because it demonstrates the 
method’s independence of considerable variation 


II Direct method for estimating the uroflavin 
content of unties of high or moderate flavin 
concentration {OJ gamma or more per cc ) 

One to 3 cc of filtered unne at pH 5 are di- 
luted to 25 cc, with water, the urinary pigments 
are destroyed by oxidation with permanganate 
m the manner described for the pyndine eluates, 
and the fluorescence of the solution is measured 
directly in the fluorometer The value of the 
blank is given by the reading taken after reduc- 
tion of the flavm to its non-fluorescent leuko form 


TABLE n 


Control conversions of nboflavm to lumiflavm 


Amount of riboflavin 
in original solution 
tomwtoi 

25 
I 25 
1 25 
1 25 


Amount recovered 
na lumiflavin 
Per ctni 

44 

49 

53 

48 


by the addition of a few particles of sodium hy- 
drosulfite (5) When more than 2 or 3 cc of 
unne are used in the dilutions, considerable per- 
manganate, 5 to 10 drops, may be needed for its 
oxidation and, with highly pigmented urines of 
low flavin content, this direct method is probably 
not very accurate (urine M table III) Whether 
it will prove to be sufficient for routine clinical use 
IS not at present known The agreement between 
these direct measurements and the values obtained 
by the flondin column method, Table III, is evi- 
dence for the completeness of the column proce- 
dure and indicates the combined effectiveness of 
the instrument’s filter system and the permanga- 
nate oxidation in preventing other urinary sub- 
stances from interfering with the determination 
of uroflavin fluorescence 

® The part played here by aquodavin (Koschara) is not 
clear to the writer 
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As thus far discussed the uroflavin method has 
relied for its speafiaty upon the assumption that 
no material m unne other than uroflavin is capable 
of flondin earth adsorption, of elution by aqueous 
solutions of pyndme and acetic aad, resistance to 
permanganate oxidation in aad solution and 
greenish yellow fluorescence when lUummatcd by 
blue hght The method may be checked by de- 
termimng uroflavm m the form of lumi uroflavin 
(5) As in the case of riboflavin (13, 14) this 
chloroform soluble pigment with mtense green 
fluorescence can be formed from uroflavin by 
photolysis of strongly alkahne solutions m the 
cold Unfortunately the procedure is at present 
of httle practical use because of the difficulty ex- 
penenced in obtaining quantitatively consistent 
conversions and the resulting necessity of control 
determinations (15, 16) 


TABLK m 

Acrtement of uroJUmn dtUrmxnaixons by difftrent 


Pft 

Ucot 

.Direct mcjuureaicnt 
cS flao(C«auKe of 
dilated oilnei 
, treated with aM 
permaeganate 

UcajnremCDt by 

1 adaoTpUou 

cohunn techntgae 

Meamment by 
lumUUvlii 
techniciue 

Un>- 

1 fiarln 

1 

urine 

tRecorery 

1 ol 

onmrTua 

1 

riboearln 

Rlbo- 

flayln 

P« 

cc 

urine 

Recorery 

1 of 

1 Eanuna 
oTadded 
ribodaTin 

' Rfljo- 
1 flaviu 

1 P" 

1 cc 
^ oiioe 

Recowy 
of 2S 
Kanma 

ofadded 

ribofluTln 


Id mate 

P<r ctnt 

IMMtU 

Hr anl 

1 

1 cawwd 

Hr ermJ 

McK 

0.2S 


' 0 22 


0 27 


M* ' 

0J7 

100 

0 IS 

85 

0J8 

90 

Wh 

0 40 

100 

0.30 

106 

0 35 


s 

0 70 

100 

054 

100 1 



Fx 

1 6 


1 6 

100 

18 

90 

F 

22 1 

100 1 

17 ! 

96 j 

21 i 



* Concentrated, hlahly pigmented unne 
t Recovery in tJui particular ca*e meana that added 
riboQavln produce® the expected increment In fluore»cence 


III Afethod for determining uroflainn as lumi 
uroflavin 

A prehminary alkahnization of 5 ca of unne is 
earned out in the dark and followed by aadifica 
tion and extraction with chloroform so that the 
final chloroform extracts will contain only mate- 
rials that have been rendered chloroform soluble 
by exposure to hght The extracted unne is 
brought into the hght made up to half normal 
with concentrated sodium hydroxide and exposed 
in an ice bath to a 150 Watt lamp for 1^ to 2 
hours The pH is then brought to 3 with strong 


aad and the lunuflavm is extracted from an ah 
quot of the unne by shaking with 20 cc of chloro- 
form. Gintrol and recovery tubes are treated m 
a similar manner 

No data could be found in the hterature relat- 
ing the gram molecular fluorescence of riboflavm 
m water and the gram molecular fluorescence of 
lumiflavm in chloroform. This relationship was 
calculated by measuring the concentrations of the 
2 pigments with a Koenig Martens spectropho- 
tometer at 4700A° (17), and companng their 
fluorescence in the Pfaltr Bauer fluorometcr 
For equal molecular numbers, lumiflavm m chlo- 
roform was found to have a fluorescence 2.25 
times as great as that of nboflavin m water It 
should be noted that this relationship may apply 
only to measurements made by using the filter 
system described with this fluorometcr Calcu 
lating from this factor of 2.25 and the results of 
the control and recovery experiments Tables H 
and III one finds that the determinations of uro- 
flavm by this method are m reasonable agreement 
with those of the other two methods 

In determinmg the 24-hour uroflavin excretion 
of various patients some of whom may excrete 
very IitUe flavm Table IV it is preferable to use 
the adsorption column procedure m general and 
to restrict the use of the direct method to normal 
unnes or to urines containing large amounts of 
flavm such as those obtained during nboflavin 
tolerance tests. The lunuflavm method with its 
necessary controls is at present too tmie-consum 
mg for routme use. 

From the cxpenences of Table IV it can be 
concluded that there is a fairly general dependence 
of uroflavm excretion upon nboflavm mtake (18) 
This 13 particularly well illustrated by the patients 
D McK and Fx and an examination of the ac 
tual dietary intakes of the other patients and sub- 
jects confirmed this impression, for example pa- 
tients G and W though on regular diets were 
both sick and not eating well patient Kz on a 
high carbohydrate high vitamm diet was jaim 
diced and sick. The normal subjects F and Km 
excreted considerably more uroflavm when Ii\er 
or synthetic nboflavm was added to thar diets 
Normal rats on a riboflavm-dcfiacnt diet excreted 
very httle uroflavm at a time when the nboflavm 
content of their livers had fallen to 40 per cent 
of normal WTicn placed on a complete diet their 
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TABLE rv 

Twenty-four hour excreUon of uroflatnn 
A Normal subjects eatmg their usual diets 


Subject 

c 

G 

H 

F 

K 


Uroflavin ttccretioo 
£amma 
350 
1100 
700 
1700 
1400 


B Nonnal subjects on regular hospital diets of 2400 
calones 

Uroflavin excretion 


Subject Daily detenrilriaUona for 5 days 

gamma 

F 1200±200 

Km 1000 ±100 

C Patients on various hospital diets 

o .t ^ - Uroflavin 

Subject Type of diet excretion 

gamma 

G Regular 450 

W Regular 430 

Ch Regular 560 

Kz High carbohydrate, high vitamin 450 

McD Low potassium 170 

McD Low potassium 220 

D Low potassium 260 

D Low potassium 200 

D Low potassium 250 

D Regularj eatmgj heavily 1200 

McK Low residue, hi^h calonc 200 

McK Low residue, high calonc, plus 1 mgm 

Riboflavm 500 

McK Low residue, high calonc, plus 2 mgm 

Riboflavin 800 

Fx 1 liter 10 per cent cream every day for one 

week * 1300 


* Contamed 1 5 milligrams lactoflavm by direct measure- 
ment of acetone filtrate 


uroflavin excretion increased ten-fold No ob- 
servations were made of the beanng which phos- 
phorylation (19, 20) may have upon nboflavm 
utilization and uroflavin excretion, but some evalu- 
ation of this factor and that of intestinal adsorp- 
tion IS being attempted by means of flavm toler- 
ance studies now in progress 


SUMMARY 

The importance of studying the metabohsm of 
riboflavin has been pointed out 

Fluorometnc methods for estimating the un- 
nary excretion of riboflavin have been described 
Studies have been presented to show that these 
methods are convenient and accurate enough for 
clinical use 

The relationship of nboflavm intake to uro- 
flavin excretion has been discussed 
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Previously reported studies of the action of 
sulfapyndine in experimental pneumococac infec- 
tion have been earned out m the mouse rabbit 
and rat — speaes which, unlike man are highly 
susceptible to the pneumococcus 
Whitby ( 1 ) found that mice infected with Type 
I pneumococci and treated with sulfapyndine pos- 
sessed after recovery considerable immumty to 
the same organism A similar observation was 
made by Schmidt and HiUes (2) Whether ac 
qmred immunity plays an essential rble in the 
mechanism of recovery m treated mice is not 
known, but there is some mdirect evidence to sug- 
gest that it may do so EspeaaUy significant is 
MacLeod’s (3) observation on mice infected with 
pneumococa Types I II and HI, respectively 
that the survival rate for each type was closely 
similar m aefavely immunized and m sulf ap3mdinc 
treated groups Furthermore there is dearly 
demonstrable a synergistic antipneumococcic ac 
tion in invo between artificially induced immunity 
and sulfapyndme as sho%vn by the work of 
Powell and Jamieson (4) MacLcan Rogers and 
Fleming (5 6) and Kepi and Gunn (7) From 
these considerations it would seem that natural 
antipncumococac resistance of a relatively high 
order such as that possessed by human bemgs as 
a group (8) may enhance the effectiveness of 
6ulfap)indine, 

The dog resembles man m abihty to localize 
pneumococci m the tissues and m degree of natu 
ral humoral immunity O H Robertson and co- 
workers (9 10) have shown that lobar pneu 
monia, which m all essential respects is com 
parable to the human disease can be produced m 
the dog They have demonstrated further that 
mortahty m the experimental disease can be regu 
lated withm certain limits by varying the mfcct- 


mg dosage of pneumococa that there is a direct 
relationship between extent of pulmonary mvolvc 
luent and death rate, and that there is a steadily 
nsmg mortahty with increasing degrees of Icuko- 
pema and of bacteremia which is of definite prog- 
nostic significance even at 24 hours (11) 

The present report concerns observations on 
the course of pneumococcus Type I pneumonia 
m 34 dogs treated ivith sulfapyndine * the admin 
istrutioa of which was begun before mfechon and 
at vanous stages of the disease. An infecting 
dose of culture was selected which would result 
m a disease severe enough to provide a crucial 
test for the drug but not so fulminatmg that 
spontaneous recovery would be impossible. Si- 
multaneous untreated controls were employed 
throughout the study 

Camne pneumoma differs from the human dis 
ease m having a more rapid course This feature 
is to be borne in mind when considenng the time 
at which treatment was begun m this mvestigabon 

METHODS AHD MATEMALS 

Dofft weighing 8 to 15 lulograms were infected mtra 
bronchially by the method of Robertson and Fox (11) 
with 1 cc, of a 16-boar pncuroccoccua culture followed 
by 3 cc- of animal nracm. The microorganiitas were 
separated from the cnlturc medium and rc*u3pcnded m 
1 cc, of Locke s solution contammg 0 1 per cent gelatin. 
In the ipccul instances where P02 cc. of culture was 
used. It was mixed directly with 1 cc. of a 6 per cent 
starcfadiroth medium no raucra bang employed The 
tame strain of Type I pneumococcus (A,) was used 
throughout It had been passed through a rabbit ercry 
6 weeks, and through a dog on 2 occasions, to roaintam 
jts Yimlence. 

Sulfapyndme was administered orally m capsules or 
compressed tablets. 

The concentration of sulfapyndine m the blood and 
exudates w'as determmed by the method of Marshall and 


^ FrcHimnary report appeared m the Proceedings of 
the Society for Experimental Biology and Mcdione, 
1939 41, 455M62 


*The sulfapyndme used m this investigation was 
kindly furnish^ by Merck and Ca 
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Litchfield^ (12) The pncumococadahpromotmg power 
of serum was tested m serum-leukocyte mixtures by the 
method of Robertson and Sia (13) When color change 
appeared, mdicatmg growth, the tubes were opened and 
their contents examined for organisms m stained films 
All tubes showing no color change were exammed m 
the same way at 72 hours The test is so assembled that 
03 cc of serum is diluted with the other constituents to 
a final volume of 0 5 cc. Blood cultures were made in 
the usual manner, using 1 cc of blood to 10 cc of melted 
agar In addition, after treatment had been instituted, 
cultures were also made with 1 cc of blood m 25 cc 
of broth to achieve even greater dilution of drug present 
in the blood. 

Roentgenograms of the chest (14) were made at the 
time treatment was begim and almost daily thereafter 
until recovery or death occurred. Body temperatures 
were taken rectal ly, at least twice a day, mommg and 
late afternoon. Pulmonary exudate for bactenologic ex- 
ammation was obtamed postmortem by piercing the seared 
surface of the lung with a sterile capillary pipette. 

EXPERIMENTAL 

Outcome and duration of the disease Effect of 
treatment when begun within 24 
hours of infection 

In the 32 dogs employed as controls during this 
study, the mortality was 50 per cent, and the dis- 
ease was brief in duration whatever the outcome 
(Table I) Within 72 hours of the time of in- 
fection the temperature had fallen to normal m 
all but 2 of the 16 arumals that ultimately sur- 
vived Of the 16 that died, only 3 lived for more 
than 96 hours 

Twenty-four dogs were given sulfapyridme on 
the first day of the disease, beginmng 3 to 24 
hours after infection, and 3 times daily thereafter 
for 2 to 5 days (Table I) The total quantity 
of drug that each received was 0 25 to 0 8 gram 
per kilo of body weight, an average of 0 5 gram 
per kilo In 9 instances where senal blood de- 
terminations were made, the content of free sulfa- 
pyndine was generally 2 to 8 mgm per cent dur- 
ing the first 2 days of administration, having 
reached that level within 6 hours (Table III) 

Of the 24 dogs so treated, none died Eleven 
were used in other experiments 10 to 60 days 
after recovery, when x-ray examination showed 

® The figures m our data represent only the free sulfa- 
pvridme concentrations m the blood and empyemic fluid 


TABLE l 

Moriultiy and duration of fever tn controls and tn dogs treated 
With sulfapyridme 


Treatment begun within 24 hours after infection 



1 



Duration of fever * 

1 

1 


Sulfapyridine 


1 Number of dogs showing drop ] 





of temperature to normal I 




Nura- 






Total 


1 

ber of 


be 

! be 

be 


mor 

Begun at 

Total 

dogs 

with- 

tween 

1 tween 

tween 

1 of 

tality 

Intervals 


in 

24 

48 

72 

1 ter 

after 

I amount 


24 

and 

and 

and 

96 


Infection 

given 


hours 

48 

72 

96 

hours 





1 

hours 

hours ' 

hours 



hours 1 

grams ; 


1 

1 

1 



1 

Prr 

uni 

3 ! 

5 to 7 

10 

0 ' 

5 

3 

1 

1 


12 : 

5 to 6 

5 

0 

3 , 

2 ; 



0 

18 to 24 ! 

3 7 to 6 

9 

1 

2 

5 

1 



Control dogs 



1 



1 i 

50 

Surviving 

16 

1 

4 i 

9 

1 

Dymgt 

16 

1 

4 j 

4 ; 

1 

4 

3 



Dosage of drug mitial dose 2 or 3 grams, followed in 
6 to 8 hours with ^ gram three tunes a day for 2 to 5 days 

* Temperatures (rectal) above 102 9^ F considered to 
indicate fever 

t Figures m columns 4 to 8 indicate time of death 

beginning or complete resolution of the pneu- 
monia The others were sacnficed for patho- 
logical study 6 to 40 days after infection, or killed 
because they had developed ''snuffles’^ several 
days or weeks after having recovered from the 
experimental pneumococcal disease Cultures 
taken postmortem from lesions not yet resolved 
yielded no pneumococci The lungs of 3 dogs 
with snuffles ” contained gram-positive cocci and 
gram-negative baalli ^ 

The duration of fever (Table I) m animals re- 
ceiving the first dose of sulfapyridme on the 18th 
or 24th hour of the disease was practicaUy the 
same as it was m the controls that survived 
When treatment was begun as early as the 12th 
hour, more than one-half of the dogs showed a 
normal temperature by the 48th hour, whereas 
less than one-third of the surviving controls did 

Nearly all of the treated dogs continued to have 
fever for at least 24 hours after the beginning of 
treatment 


^In this laboratory these organisms have often been 
found m the lungs of dogs with acute epidemic respira- 
tory disease commonly called ‘‘snuffles' 
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Relation to outcome of extent of pulmonary i»- 
vohenient, white blood count and 
occurrence of hactereima at 
the 24th hour of 
the disease 

In the control dogs (Table II) the close corrcla 
tion between extent of lung involvement and out 
come IS evident WTien the pulmonary lesion at 
24 hours mvolvcd not more than one-aixth of the 
total lung field, as judged from an x ray film 
(approximately one lobe), all but one of 9 dogs 
recovered , when it occupied one-half or more of 
the total lung field 9 of 13 ched. The presence 

TABLE n 

Extent of pulmonary iTtoofvommt vjhiU blood count and 
tnndtnc* o/ hoxUremia 24 hours aJUr m 

controls and in do^s treated mtk svljapyn- 
dtne Eslalumship to outcome 

Treatment begun witlun 24 hours after infection 



1 

' Exlkot of puiau}- 
1 mrx Mon (x-r*7) 

WWlo blood 
Qooni 

T nt Iwf *1^ ■ I'll ^ 

Tmt- 

mtni 

becan 

kt 

ToUl 

ol 

doft 

^ Ntonbaro/dofi vltJk 
UTotmotat ot 

Humber of 
doa wltli 
vmo blood 
eoojt of 

Nosbor of doo wUb 
oolaoj octnn p« 

00 . of blood 

tit* 

'■fir 

ol 

toUl 

hmx 

IWd 

lyjdr 

ol 

toUl 

of 

toUi 

uooo 

mod 

kbOT* 

tsoo 

tnd 

below 

0 

1 

to 

ao 

11 

to 

100 

101 

or 

non 

UtT* 1 

a 

10 

1 

1 

6 

a 

T 

a 

8 

1 

0 

0 

la 

8 

A ' 

1 1 

0 

a 

at 

a 

14 

U 

0 

lS<]i 

9 

3 

i 

3 

8 1 

a 

1 

X 

1 

1 

CoJitroli 

aitu) 


10) , 

UCO) 

1 

Mtt)' 

1 


i0(7) 


w 

j 

4(4) 


Fiffurca in parentheses indicate number of dogs dying 
* Cme dog died m lets than 24 hours 
Present at 12 hours. 

Positive in 2 at 12 hours. 

of bacteremia 24 hours after mfection was asso- 
ciated with a fatal outcome in 8 of the 11 control 
dogs m which it occurrecL None survived whose 
blood at 24 hours contained on culture more than 
20 colonies per cc. The relationship between 
white blood count and outcome is less obvious in 
this small senes than m the much larger one re- 
ported by Robertson and Fox (11) 

In the group receiving the first dose of sulfa 
pyndine 18 or 24 hours after inoculation (Table 
II) there was an expected inadence of widespread 
lung involvement blood stream invasion and pro- 
found leukopenia, yet all recovered. 


Effect of early treatment on extent of pulmonary 
lesion and on incidence of leukopenia 
and bacteremia at the 24th 
hour of the disease 

The pulmonary lesion at 24 hours (Table II) 
involved one half or more of the total lung field 
in nearly one-half of the control dc^s Such an 
extensive pneumonia occurred m only one-fifth 
of those treated withm 12 hours of inoculation 
However, there was mvolvement of at least one- 
third of the lung field at the 24th hour m 9 out of 
the 10 dogs treated as early as the 3rd hour 
Extension of the pneumonic process after 24 
hours was seen by x ray m only one of the con- 
trols that survived Of those that died one half 
showed a gross spread, as determined from a 
comparison of the size of the x ray shadow oc 
curnng at the 24th hour and the extent of con 
sohdation found at autopsy 
Among the treated dt^s spread occurred after 
the 24th hour of the disease in only 2 of the 15 
treated within 12 hours, in one instance between 
the 24th and 4Sth hour and m the other between 
the 48th and 72nd hour as well It occurred in 
5 of the 9 dogs not treated untd the 18th or 24th 
hour but m only one of these did it continue 
beyond the 48th hour 

Bacteremia at 24 hours (Table II) was found 
m more than onc-third of the control dogs but 
m only 2 of the IS treated within 12 hours of 
mfection and m the latter it was minimal and 
disappeared by the 48th hour Early treatment 
did not appreciably reduce the madence of ex- 
treme leukopema (Table II) 

Effect of treatment on anttpneumococcic actnnty 
of the blood 

The sera of 11 of the 24 recovered dogs in the 
treated senes were tested for mouse protective 
action 3 to 22 days after recovery and this prop- 
erty was found m the sera of 8 of the animals 
Serum was collected before infection and dur- 
ing the course of treatment from dogs receiving 
the first dose of sulfapyndinc 18 or 24 hours after 
infection and examined for pncumococadal- 
promoting power m scrum leukocyte mixtures by 
the method of Robertson and Sia, The results 
of these tests revealed m general a slight enhance 
ment of this property within 24 houn t 
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TABLE m 

Course of bacteremia, pneumococcidal-promohng power of the 
serum, aud concenlralion of sulfapyridine in tlie blood 

Dogs that received the first dose of sulfapyndme 18 or 24 
hours after infection 


Dog 

number 

Thnfl of obeervatioM 

Blood 

culture 

Pneumo- 
cocddal* 
promotiDg 
power 
of serum 

Concen- 

trstion 

of 

Bulfapy 
ndine 
b the 
blood 



cclome* 

numbtr of 




jmtumococci 

pntuvwcoca 

po* 



per cc. Uood 

hHUd 

CtTli 


Before infectioD 


10^ 10» 



At tune treatment waa besun 

0 

10* 


220T 

Interrala after 6 houie 

0 

10* 

3.6 


bcgiDmngof 24 hooia 

0 

10* 

5 7 


tit^tment 4S hours 

— 


34 


Before infection i 


10* 



At tune treatment woe begun ! 

0 1 

10* 


225T 

interrals after 6 hours 

0 

10* 

3 4 


beginning of 24 hours ' 

0 


64 


treatment 48 hours 

0 

10* ; 

4.6 


Before infection 


10* 10* I 



At time treatment "waa begun 

0 

10* 1 


238T 

Intervala after 6 hours 

0 


42 


begioning of 24 hoora 

0 

10* 

64 


treatment 48 boars 

— 


1 4 


Before infection 





At tune treatment waa begun 

0 




241T 

Intervolfl after 0 hours 

0 

1 — 

6.0 


beginning of 24 hours 

0 

— 

1 6 


treatment 48 hoort 

— 

: ” 

14 


Before mfe^^Uon 


: 10* 10* 



At tune treatment woa begun 

0 

— 


233T 

Intervals after 12 hours 

0 

10* 

6.0 


begmnuig of 24 hours 

0 

— 

1 6J2 


treatment 48 hours 

0 

— 

1 16 


Before infection 


10* 



At time treatment was begun 

0 

10* 


249T 

Interval* after 24 hours 

0 

10* 

SI 


beginning of 48 hours 

0 

— 

36 


treatment 





Before infection 


10* 10* 



At tune treatment wa* begun 

230 

10* 


219T 

Intervals after 6 hours 

39 

10* 

1 6 


beginning of 12 hours 

10 

— 

6.6 


treatment 24 hours 

pot.* 

10* 

48 


48 hours 

ot 

— 

36 


Before mfeotion 


10* 10* 



At time treatment wo* begun 

1 

10* 


222T 

Intervals after 6 hours 

0 

10* 

6.0 


beginning of 24 hours 

0 

— 

46 


treatment 48 hours 

i 0 

— 

trace 


Before mfection 


10* 10* 



At time treatment was begun 

26 

10* 


229T 

Intervals after 12 hours 

poa • 

10* 

IIU) 


beginning of 24 hours 

0 

10* 

8.4 


treatment 48 hours 

0 


1 1 


♦ « Growth m broth culture only 
f >=> Blood cultures made at 72nd and 96th hour also 
negative 

— => Not done 


initiation of treatment (Table III) When the 
samples possessing this increased activity were 
tested m the same way, but with hemoglobin solu- 
tion substituted for the leukocyte suspension, 
there was growth of even the smallest inoculum 
of pneumococci (approximately 10 organisms) 


Effect of treatment on the course of bacteremia 

Three of the dogs receiving the first dose of 
sulfapyndme IS or 24 hours after infection were 
bacteremic at the tune treatment was begun (Ta- 
ble III) The colony counts were respectively 1, 
26 and 230 per cc of blood Blood cultures made 
24 hours later were negative m poured agar plates, 
but in one instance still positive m the broth In 
only 1 of the 3 anunals had there been a measura- 
ble decrease in the titer of circulating antibody by 
the time treatment was started, and the decrease 
was very slight During treatment the serum of 
this animal exhibited pneumococadal-promoting 
power greater than it had possessed before 
infection 

To test the effectiveness of sulfapyndme m the 
presence of more massive pneumococcemia, 4 ad- 
ditional bacteremic dogs were selected for treat- 
ment, all but 1 having a colony count of more 
than 1,000 per cc of blood Each was given a 
total of 5 7 or 6 grams of the drug Its admin- 
istration was begun with a large dose (2 or 3 
grams) 30 to 72 hours after infecbon, and con- 
tinued with 1 gram a day m divided doses until 
death or apparent recovery from infection oc- 
curred All died ultimately 

One animal (Table IV, 284 T) m the 30th 
hour of the disease, the time at which treatment 
was instituted, had a bacteremia of 10,000 colo- 
mes per cc of blood, and its serum had no demon- 
strable pneumococadal-promoting action Blood 
drawn 18 hours later (on the 3rd day of the 
disease) was sterile on culture, and the serum 
exhibited in a serum-leukocyte mixture pneumo- 
cocadal action agamst 1,000 pneumococci A se- 
rum sample obtained on the 4th day when the 
blood contained 4 mgm per cent of sulfapyndme 
showed pneumococcidal-promoting properties to 
an even greater degree, but did not prevent the 
growth of an inoculum of 10 organisms after the 
serum had been subjected to a temperature of 
56° C for one-half hour Moreover, the sample 
contamed no demonstrable mouse-protective anti- 
bodies characteristic of acquired immunity 
Death occurred on the 5th day At autopsy the 
pencardial sac was found distended with about 
50 cc of thick purulent exudate which on micro- 
scopic examination contained innumerable diplo- 
coca When the Neufeld test was applied to 
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TABLE IV 


Courss oj disease in Z of 4 bacUremic dois in whuh Uealrnsni xoas begun laUr ikan Z4 hours after infection 


Dfty of dlMue 

' D« No, IM T j 

1 Do* No, T 

1_ _ 

Before 

lofcc 

tlCQ 

1 ^ 



1 

Befort 

Infec- 

rirui 

i 



4Ui 

5tb ^ 

1 

Uh 

7tb 

' a4th 

1 bow 


ESI 

Dosage of iulfapyridine grams 


llllll 

B 

B 

B 

B 

B 

1 

■ 


IB 

B 

B 

1* 

Blood culture colonsts pneumo- 
cocci per cc, of blood 




B 

B 

B 

H 

1 

1 



B 

B 

OX 

Pneojiiococclcbl promoting power] 
of icnira number of pneumo- 
cocci killed in serwn-Uukocyte \ 
mixture 


1 

0 

1 

^1 


1 

nn^ 

1 

1 

1 

1 

10* 


Concentration of iulfapyrKline m 
blood mgm per cent 


■ 

■ 

■ 

IQ 

1 

■ 





■ 

m 


White blood count thousands 

la 

la 

■a 

la 


IE 

ES 

B 


B 

8 

la 

D 

24 

Extent of pulmonary involve- 
ment (x ray) 

■ 

■ 

LLL ' 
LML 

I 

1 

1 

1 

1 

■ 

1 

■ 

LLL ' 
RUL' 

1 

1 

1 


Outcome 384 T died on Sth day Purulent pencarditu * Final doae of drug on 7th day 

2B3 T died on 1 1th day Anemia and jaundice* t No mouie protective action 

X Blood culture on 8th and 9th days also sterile* 


them all the visible organisms showed a typical 
capsular swell mg The exudate contained 5 
mgm per cent of sulfapyndiue* No pneunio- 
coca could be cultured from the lungs or heart s 
blood* 

An X ray of the chest taken on the 2nd day of 
the disease a few hours before treatment was 
begun showed a cardiac shadow not unusual in 
sue and shape On the 3rd day the silhouette 
was slightly larger than before and on the 5th 
day It ^vas globular and much enlarged* The 
red blood count on the 5th day was 6 100 000 

Another animal (not shown m the table) pur- 
sued a similar course Treatment was begun on 
the Sth day when the blood on culture contained 
6000 colomes per cc. and the serum no longer 
possessed pneumococci dal promoting action By 
the 7th day the colony count had fallen to 50 but 
on the 8th day the day of death it rose to 10 000 
Empyema was found at autopsy The exudate 
contained Type I pneumococa and a concentration 
of sulfapyndine of 09 mgm per cent It was 
not possible to ascertain when the empyema had 
begun. However there was a suggestive shadow 
already present on the day treatment was started 
The r^ blood count on the Sth day was 5 300 000 


Among the 16 control dogs that died, 6 of the 
7 that had lived for more than 72 hours were 
found at autopsy to have empyema. This com 
phcation did not occur m those dymg carher m 
the disease. Purulent pcncarditis was not ob- 
served in the control dogs 
In the other 2 members of the group of 4 bac 
tcremic dogs speoalJy selected for treatment, sc 
vere anemia and jaundice developed. In each 
case the blood became sterile several days before 
death and autopsy cultures from lungs and 
heart’s blood yielded no pncumococa One of 
the dogs (Table IV 288 T) was treated on the 
4th day of the disease when its blood on culture 
contained 1 100 colonics per cc. The pneumo- 
cocadal promoting power of the serum had al 
ready disappeared By the 6th day the colony 
count had dropped to one and anti pneumococcal 
action of the serum had returned. Blood col 
lected on the 9th day contained antibodies charac 
tcnstic of acqmrcd immumty the 6th day s sam- 
ple was not tested for heat stable immune bodies 
The temperature had become normal on the Sth 
day and the dog seemed to be recovenng The 
last dose of drug was given on the Sth day 
Death occurred 3 da>s later At autopsy the ^ 
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and mucous membranes 'were deeply ictenc. Un- 
dotted blood from the heart contained 1,100,000 
red cells per cubic millimeter, and they showed 
striking vanation m size, shape, and staimng 
qualities 

The fourth dog was first treated on the 4th day 
of the disease, when there was a bacteremia of 78 
colonies per cc of blood The serum had re- 
tained some pneumococadal-promoting activity, 
but possessed much less than it did before infec- 
tion The blood became sterile on the 5th day 
The serum on that day had no mouse-protective 
action The temperature became normal on the 
5th day, treatment was discontinued on the 6th 
day The red blood count on the 7th day was 
3,400,000 The dog died on the 8th day, pre- 
senting the same findmgs as the preceding animal 

Production of lobar pneumonia tn dogs receiving 
sulfapyndtne prior to infection 

In 6 dogs (Table V) a fully developed lobar 
pneumonia evolved m 24 hours despite the ad- 
ministration of large doses of sulfapyridine before 
and after inoculation, and despite its presence in 
the blood m concentrations equal to or greater 
than those obtaining m experiments where the 
drug was regularly curative 

The dogs were sacrificed 24 hours after infec- 
tion Four were definitely ill at that time, hav- 
ing temperatures of 103° or more None were 
leukopenic or bacteremic, however At autopsy 
there was, with one exception, consolidation of 
at least the greater part of the lobe which received 
the infecting inoculum, and m 3 instances there 
were small lesions in other lobes as well In the 
exudate from 4 of the primary lesions numerous 
pneumocQca were readily seen They showed no 
alteration m morphology or staining qualities as 
observed by the Gram stain When the exudate 
was mixed with I antipneumococac rabbit 

serum the orgamsm showed immediately a posi- 
tive quellung reaction There appeared to be 
no alteration of the capsules Cultures from 
these lesions and from one other contained type- 
specific pneumococci 

DISCUSSION 

The potential efficacy of sulfapyridine as a life- 
saving therapeutic agent in pneumococac infec- 


TABLE V 

Production of lobar pneunwnta in dogs receiving 
sulfapyndtne prior to infection 
Doga sacnficed 24 hours after infection 


S>og 

num* 1 
ber 

i 

Infect* 

dose ' 
of 
cni* 
tan I 

1 

i 

1 

Cooceatra- 
tion of drag 
In tlifi UoM 

Extent 

of 

long 

Invoivo* 

ment 

at 

ftU I 

top«y 

1 

Lunf puncturi at antopoy 

Rectal 

temper- 

ature 

VbCQ 

tacri 

i 

1 

Culture ' 

1 

Dlreet 

exAznioation 

_ .1 

lyteu 
in , 
fee ted 

1 

When 

lacH 1 
ficed 

1 

Gflun- , 
poti- 1 
tlvo : 
diplo- 
coed 

Ken- 

m 

reac 

tton 









f dearcte 


cc. 

per 

per 

1 




1 f dXroj 



coU 

cm 

i 




1 fuxl 

2S1T 

10 

lao 

3.3 

1 

1 PoBumococcufl 

1 + 

i + 

KUO 

281T 


1 

; sr 

1 

! Pnaumococcus 

1 4* 


lOtO 

271T 

1 002* 

! 3.3 

1 3.6 

1/3 

1 PuCtUDOCOCCU* 

I 0 

i 

103.B 

273T 

003* 

m 

2.8 

1 

0 

0 

' — . 

102.6 

273T 

003* 

12J) 

51 

<1 

Pneumococenfl 

-f 


1MJ5 

2S0T 

, cun* 

12.S 

60 

>1 

Tneumococciw 


4 

i(r>i 


• Suspended in 1 cc of starch broth medium 
> “ More than 
< =* Less than 

Total quantity of drug before mfection 271 T, 272 T 
== 3 grams, 273 T, 280 T, 281 T « 4 mms, 251 T - 5 
pmns, given m 2 dmded doses, the first dose 18 to 24 hours 
before mfection, the second 6 to 12 hours before infection 

Total quantity of drug after mfection 271 T, 272 T, 
251 T » 2 grams, 273 T, 280 T, 281 T *=« 4 grains, ^iven m 
2 divided doses, the first dose 6 hours after infection, the 
second 12 to 18 hours after mfection 

tion IS espeaally evident in the recovery of certain 
of the dogs showmg a well advanced disease by 
the end of 18 to 24 hours, when treatment was 
begun In several of these instances the findings 
were such as to indicate a high probability of fatal 
termination That it is able to promote an arrest 
of mfection is also shown by the brevity of the 
febrile stage, the restricted size of the pulmonary 
lesions, and the limited occurrence of bacteremia 
m dogs treated earlier m the disease A pro- 
nounced antipneumococcic effect of the drug is 
obvious even in those instances where treatment 
was instituted at a time when the blood contained 
thousands of pneumococa per cc, though focal 
suppurative complications with toxemia of severe 
infection and drug intoxication prevented ultimate 
recovery 

A single strain of pneumococcus Type I was 
employed in these expenments Because there 
IS evidence that the several types of pneumococa 
(1, 15), and also strains of the same type (6), 
vary in their susceptibility to sulfapjndine, broad 
conclusions concerning its efficacy in the treatment 
of canine pneumonia are not permissible at this 
time However, the results of the present study, 
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obtained m a highly fatal lobar pneumonia In an 
animal with antipncumococac resistance com 
parable to that of man, are m complete accord 
with clinical observations (16) and mdicate that 
the drug possesses remarkable curative properties 
The ability of sulfapyndine to re enforce the 
bodys natural antipneumococac defense is re 
fleeted m the augmented pneuraococadal promot- 
ing power of scrum collected dunng the course 
of treatment as tested m serum leukocyte mix- 
tures This mcreased action may be attnbutable 
to an inhibition of the bacterial growth which oc- 
curs before completion of phagocytosis An al 
temate explanation is that the drug renders pneu 
mococci more susceptible to phagocytosis perhaps 
by causmg alteration of the capsules 
Whitby (1) has described changes m the cap- 
sule of pneumococci obtained from the pentoneal 
exudate of mice treated with sulfapyndine and 
has stated that after 4 hours m large numbers 
of coca no capsules could be found by staining 
methods He has pointed out that this capsular 
degeneration was an »« vwo phenomenon and 
that It may have been a secondary effect repre- 
senting a process whereby the body nds itself of 
dead pneumococa Tcllmg and Oliver (17) 
found that after patients had been treated with 
sulfapyndine the organisms isolated from sputum 
had lost capsules and type-speofiaty and that 
these were restored by repeated mouse passage^ 
Hdles and Schmidt (18), and Greey, MacLaren 
and Lucas (19) have reported isolation of non- 
cncapsulated pneumococa from the blood of 
sulfapyndinc-trcated mice, l-ong (20) and 
Reid (21) have been unable to find spealic cap- 
sular changes m the pentoneal exudates of mice. 
Fleming (5b) observed no changes m the cap- 
sules of pneumococa grown viiro m the blood 
of patients m the presence of sulfapyndine. 

We found normal capsular swelling regularly 
when the Neufeld test was appUed to pncumocooa 
growing m blood cultures made dunng the course 
of treatment and to those obtained directly from 
the lungs of dogs that recaved the drug before 
and after infection and were sacrificed 24 hours 
afterwards If loss of capsule had occurred it 
IS unlikely that non encapsulated pneumococa 
could have existed except momentanly m the 
presence of actively phagocytmg leukocytes 
Thus while our observations do not exclude the 


possibility that sulfapyndine produces capsular 
changes, they provide no evidence for such an 
effect 

To account for the drugs curative action m 
canme pneumonia, no more than a bactcnostatic 
effect need be assumed, for if not overwhelmed 
by rapid pneumococcus growth the immediate 
defense mechanism of the body (22) is able to re- 
tard the progress of infection until the normal 
recovery processes (mduding the macrophage re- 
action m the lung (23)) can mobilue. That the 
natural antipncumococac defense at least the hu- 
moral component can agam mamfest activity even 
after havmg been markedly depressed (24), is 
indicated by the reappearance of heat labile op- 
sonins m the sera of dogs 284 T and 288 T as 
bacteremia diminished with treatment 

It follows then that any noteworthy reduebon 
in rate of pneumococcus gro^vth and the resultant 
slowing of outward flow of pneumococcus laden 
edema fluid from the lesion would retard spread 
of infection inasmuch as polymorphonuclear leu 
kocytes at the spreading border arc actively phago- 
cytic, at least early m the course of the disease 
(22) That such a result is not immediate is 
clearly evident m those experiments in which ad 
ministration of the drug prior to mfection failed 
to prevent the development of the expenmental 
lesion. In untreated dogs the smaller mfecting 
dose employed (0 02 cc. of culture in 1 cc. of 
starch broth paste) has been found by Robertson 
and Fox (11) to produce a lesion which on the 
average occupies eventually but one-quarter of 
the lung field by x ray (approximately 1 and 
one-half lobes), and results m a mortality of only 
8 per cent 

This evidence of the delayed action of sulfa 
pyndine is comparable to the findings of McIn- 
tosh and Whitby (25) m expenments on mice 
and on atrated rabbit's blood 

That the normal defensive elements play an 
essential part m bringing about recovery in treated 
dogs 13 indicated by the persistence of purulent 
complications m dogs 275 T and 284 T The 
findings in the latter dog are especially significant 
for while the blood and lungs became free of 
pneumococci as determined at autopsy the peri- 
cardial exudate contained myriads of pneumo- 
coca despite the presence of sulfapyridine in con- 
centration of 5 ragm. per cent It is known that 
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leukocytes in such exudates lose activity after* a 
day or so 

Mouse-protective antibodies, characteristic of 
acquired immunity, were found in dogs recover- 
ing with treatment in about the same frequency 
and titer as ordinarily found in dogs recovering 
spontaneously None were found before the 3rd 
day after recovery in 4 dogs tested Thus, here 
as well as m spontaneous recovery (8, 26), the 
role of these substances cannot be evaluated 

Whether or not drug lutoxicabon was responsi- 
ble for the profound anemia observed m 2 dogs 
cannot be determined Powell and Chen (27) 
have given normal dogs as much as 1 gram of 
sulfapyndine per kilo of body weight for as long 
as 4 weeks without finding any significant reduc- 
tion in red blood count In this laboratory severe 
anemia and jaundice have been observed other- 
wise but once in over a thousand dogs with expen- 
mental pneumonia, and that was in an actively 
immumzed ammal that had recovered from a 5 
days' illness However, many dogs have recov- 
ered spontaneously from prolonged and severe in- 
fections without developing the disorder The 
fact that m the present senes the anemia occurred 
only m dogs with severe infection suggests a dual 
etiology, namely, drug intoxications and toxemia 
of infection 

SUMMARY 

1 In the dog, a species with natural antipneu- 
mococcic resistance comparable to that of the 
human being, sulfapyndme exerted a marked 
curative effect m a highly fatal Type I pneumo- 
cocac pneumonia 

2 The pulmonary lesion seldom spread after 
the 24th hour of treatment but it was not immedi- 
ately arrested Admmistration of sulfapyndme 
before infection did not prevent the evolution of 
a fully developed lobar pneumonia 

3 Most of the ammals had fever for at least 
24 hours after the beginning of treatment 

4 Treatment inhibited blood-stream invasion 
Bacteremia already established disappeared within 
24 hours or the colony count fell sharply 

5 Influence of the drug was evident even m 
far advanced stages of the disease but its ef- 
fectiveness was limited in the presence of sup- 
purative complications 


6 During treatment the serum exhibited in- 
creased pneumococcidal-promoting action m 
serum-leukocyte mixtures or regained that prop- 
erty when it had disappeared 

7 Pneumococci obtained from lungs, blood, 
and pyemic exudate showed no alteration of the 
capsules 

8 Treatment was followed by hemolytic ane- 
mia m 2 instances 

9 The mechanism of the drug's therapeutic 
action IS discussed 

We wish to acknowledge the helpful advice given us 
during this study by Dr O H Robertson 
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STUDIES ON NEOPLASMS WITH THE AID OF RADIOACTIVE 
PHOSPHORUS I THE TOTAL PHOSPHORUS METABO- 
LISM OF NORMAL AND LEUKEMIC HICE^ 

By J H LAWRENCE, L W TUTTLE, K. G SCOTT and C L CONNOR 

(Frofft the Ctocker Kadialton laboratory and the Departmenie of Miduine and Patholoffy 
Untversity of Caixfomvj Berkeley) 

(Recdved for ptiblicatum October 24 1939) 


In a previous study (1) using ‘ tagged ' phos 
phorus, it was found that lymphomatous mice 
handle a single dose of sodium phosphate in a 
manner different from normal animals Lym- 
phomatous tissue absorbed or exchanged phos- 
phorus m greater degree than normal lymph nodes 
and this seemed to occur at the expense of the 
uptake m bone m these animals 

Before mvestigating this question further In 
leukemic animals, it seemed important first to 
detemune the content of total phosphorus in vari- 
ous lymphomatous, leukemic and normal tissues 
Chie might suspect that the greater exchange of 
phosphorus m lymphomatous tissue was related to 
a greater total phosphorus content. The analyses 
were earned out usmg the methods of Prcgl (2) 
for total phosphorus. The animals were young 
adults of the Strong A stram (3) , with males and 
females equally distributed between the normal 
and leukemic amm al« Most of them were given 
the disease (4) by the mtravenous mjcchon of 
leukemic cells but a few were inoculated subcu- 
taneously the latter method resulting m the ap- 
pearance of a local lymphoma followed later by 
the gencralued disease In all instances the am- 
mala were killed by breaking the neck and the 
tissues were immediately weighed and prepared 
for phosphorus analysis. In all cases, gross evi- 
dence of generalized leukemia was found m the 
leukemic group Examination of Table I reveals 
that there is no significant difference m the total 
phosphorus contents of leukemic spleens le ukem ic 
lymph nodes> and Icukeimc bones* when com 
pared with the respective normal tissues, in spite 
of the fact that, m leukemic animals, all of these 
tissues arc infiltrated with leukemic cells. Like- 
wise, the values for skeletal muscle are the same 

^ Thli work wau made powible throogh a grant from 
the Joslah 3Jacy Jr Fotmdatioa 

* The whole femur* leere u»«d m these analytei. 


m the two groups of animals This latter findmg 
was to be expected, since there usually is no leu- 
kemic infiltration of skeletal muscle m this disease. 
Finally, tumor or lymphomatous tissue has a sig- 
nificantly lower total phosphorus content than its 
a n alogue — normal lymph node. Despite the fact 
that the phosphorus content of leukemic liver may 
be significantly lower than that of normal liver 
these results show that any difference m the ex 
change of a single dose of phosphorus observed m 
lymphomatous or leukemic animals cannot be ex- 
plained on the basis of differences m the total 
phosphorus values 

We wish to report here further studies on the 
comparative uptake and turnover of *' labelled ” 
phosphorua tn a large group of normal and leu 
kemic animals. 

PaOCEDUKB 

In the expenment* to be reported here, adult animal* 
of the A ttram were used, and the leukemia was Iran* 
mrtted to them by the intravenou* mocuUtloa of a »u*- 
peniion of lymphoraatou* celU. After the onjet of the 
Icnkemla, as evidenced by enlarged spleens and lymph 
nodes, leukemic and control animals ■were given intra 
pcntooeally a single tracer dose of radioactive phos 
phorus m the form of an isotonk solution of neutral 
sodhnn phosphate. At various periods thereafter leu 
kemic and control animals were saendeed and their tis 
sues were freshly weighed, dned and ashed at 450 C. 
Afterwards the ashes were measured for beta ray activity 
using a Launtsen type electioscopc or an clcctromcttr 
The radioactive phosphorus (P”) which has a half life 
of 14J dajrt was prepared fn the Berkeley cyclotron (5) 
by the bombardmtot of red phosphorus (P®) with high 
speed dcuterons. Thereafter it was converted to a neutral 
solution of sodium phosphate. 

Forty female mici, varying m ages from 5 to 8 months 
were laed m this study The animals were divided mto 
eight groups of 5 mice each, and 20 of them were given 
intravenously m OJ cc 9,300 000 lymphomatous cells. 
Groups of S animals were placed m mdividiul cages, 
having raised wire floors so that coprophagy was avoided. 
All antmaU were given free access to water and they 
were fed on dog chow The weighed daily food m 
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TABLE I 

Total phosphorus tn ttssuos of nonual and leukemic mice* 


Tissue j 

— 1 

Normal i 
or 

Iftuktmic 

Number 1 
of ' 

anlmnlg ^ 

Mean 
mg F/g 

1 




1 


Liver j 

Liver j 

N , 

L 1 

46 

39 

3 86 , 

1 

3 59 1 

0 35 , 

0 33 1 

0 051 

0 053 j 

0 27 

1 

0 074 

Difference is of possible sig- 
nificance 

Spleen 1 

Spleen 


22 

39 

4 58 i 
4 77 

0 52 i 
0 27 ' 

011 1 
0 043 

0 19 1 

0 12 

Difference is not significant 

Lymph node 
Lymph node 

N 

L 

40 

27 

1 5 67 

5 81 

0 74 
124 

0117 

0 238 

0 14 

0 265 

1 Difference is not significant 

Bone 

Bone 

N 

L 

40 

28 

75 6 

73 2 

99 

99 

157 

187 

24 

2 45 

[ Difference is noJ significant 

Muscle 

Muscle 

N 

L 

37 

I 53 

3 02 

3 00 

0 47 

1 0 33 

0 064 

0 054 

0 02 

I 

0 084 

■ — — 

Difference is not significant 

i 

Tumor (lym- 
phoma) 

i 

1 29 

414 

1 0 34 

' 0 064 

1 

j 

j 



* ox ^ Standard deviatioa of individual values *=* V where x equals the difference of the individual values from 
the mean 

Mh-Ml ^ Difference of mean values for normal and leukemic tissues 
= Stan^d mqr of the mean oxj^ 

=“ Standard error of the difference of means = 4* 

Cntenon of significance If the difference of the means exceeds three tunes the standard error of the difference of the 
means, the difference is considered to ba of possible significance 


take of each group of leukemic animals determmed the 
amount of food given to its control group on the fol- 
lowing day This tended to make umform the total daily 
phosphorus intake of the two groups Each group of 
leukemic ammals exhibited enlarged spleens when the 
phosphorus was administered, and all ammals (leukemic 
and control) were sacrificed 16 days after inoculation with 
leukemia. The radio-phosphorus was administered intra- 
pentoneally m the form of 0 5 ca of a solution containing 
7 mgnn sodium phosphate at a pH of 7, having a P" 
activity of 95 microcuries when the first group was m- 
jected Five normal and 5 leukemic animals were each 
given this mjection 100, 52, 26 and 17 hours before all 
the animals were sacrificeiL At autopsy, there was gross 
evidence of leukemia m the 20 leukenuc animals Micro- 
scopic examinatioa of small portions of spleen, liver, 
lymph node, and bone marrow m each animal of this 
group revealed leukemic mfiltrabon, whereas in no case 
was there mfiltration of skeletal muscle. Certain m- 
dividual tissues and the remaitung carcasses of each group 
of 5 leukemic and 5 control mice were lumped,® weighed, 

® Although It IS desirable to analyze the tissues of each 
mouse individually, m these experiments the tissues of 5 
were lumped smee the total weight of the lymph 
nodes of single normal animals and their uptake of 
labelled phosphorus are so low that accurate activity 
analyses are difficult. Three of us ( J H L , L. W T , 
and K. G S ) have confirmed the findings given here m 
separate experiments not here reported. 


ashed and then assayed for beta ray activity In this 
manner, the per cent retention of the dose given, m tenns 
of one gram of whole animal, liver, spleen, lymph node, 
muscle and bone \vas determined. The data thus obtamed 
are given m Table II and plotted in Figure 1 

Figure 1 shows that per gram of whole body, 
leukemic ammals take up slightly more phosphorus 
than normal, but exchange or lose it at about the 
same rate as normal animals over the penod of 
100 hours Skeletal muscle of leukemic animals 
took up less at first, but later the uptake was 
approximately normal It should be noted that 
there was no leukemic infiltration of the muscle 
in the leukenuc aiumals A stnkmg difference, 
however, is noted in the lymph glands where the 
uptake by leukemic lymph nodes is approximately 
tfeee tunes normal, which is also true of leukenuc 
spleen where the loss of labelled phosphorus is 
also relatively greater over the penod of KX) 
hours The curves for bone, which include bone 
and bone marrow, show that leukemic bone has 
shghtly the greater activity, but the rate of ex- 
change IS about the same as normal The curves 
for hver are nearly the same for the normal and 
leukemic animals 
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TABLE U 

LabelUd pkosphxrits tn Ussuss of nomal and Uuhttmc nnu^ 


17 HOUM AFTER P“ ADUIKISTRATION (NORMAL V9. 

LEuxamc mice) 


Tissue 

Nonnal 
or ' 
lea 
kemlc 

Wst 

weight 

ActlvUr 1 
la 

micro- 

carles 

per 

sram 

Retea- 1 
tlon per i 
gram 
la 1 
percent 
erf dose 1 

Per 

of 

Dormal 

Lymph node 

1 N 

0 126 

0 103 

txf ent I 
22 

ftrcoU 

Lymph node 

L 

—I 

0327 

0.22 

47 

214 

Spleen 

N 

0640 

0 127 



Spleen 

L 

3 705 

0385 

mm 


Uver 

N 

issi 

BB3I 

384 


Liver 

L 

9 990 

1 0189 1 

40 


Muscle 

N ' 

4 684 


18 


Muscle 

L 

■tail 


132 

68 

Bone 


0 682 

0 167 

336 


Bone 


0 705 

0 185 

396 

HI 

Balance 


109 

0 077 



Balance 

L ' 

104 0 

0 081 ! 


Bai 

Total animal 

N ' 


0 084 1 

179 ! 


Total anltrml 

L 1 

Isyi 

0099 1 

2 1 1 

117 


♦ All actlvitk* corrected to January 18 1939 
Average retention per normal animal ot tagged phoa- 
phorui admmiiteted 43 J per cent- 
Average retention per leukemic animal of tagged phoa- 
pbonu administered 32 per cent. 


26 aoCRS ATTER P“ ADMINISTRATION (NORMAL MICE VB. 
LEtrCEMlC mice) 


Tlssoa 

Normal 

or 

lea 

Wtt 

weUht 

ActlTUy 
In mlao- 
curies 
per cram 
wtt 
wdeht 

Rateu. 
tlon per 

cram 

In 

per cent 
of dou 

Per 

cent 

of 

oormal 

Lymph node 

N 



ptrani 

233 

PtTftUi 

Lymph node 

L 



5 77 

259 

Spleen 


0 723 

0 144 

3 06 


Spleen 


3350 

0380 

60 

196 

Liver 

N 


0 178 

3 78 


Liver 

L 


0 187 

40 

106 

Muscle 

N 


0 120 

236 


Muscle 1 

L 


0 076 

1 6 

63 

Bene 1 

N 

WBBR 

0 156^ 

33 


Bone 

L 

0 670 

0 199 

43 

127 

Balance 


114 

0 070 

1 49 

1 

Balance 


993 

0385 

1 87 

1 126 

Total animal 

N 


I 0 078 

1 66 


Total animal 

L 

Hi 

0J95 ' 

231 

1 121 


Average retention per normal animal of tagged phoa- 
pborus administered 42 per cent. 

Average retention per leukemic animal of tagged phos- 
phorus administered 48 4 per cent. 


TABLE Ur—€onHmud 


52 HOURS AFTER ADMINISTRATION (NORMAL VS. 
LEUKEMIC mice) 


TImus 

Normal 

or 

kn 

kemlc 

Wet 

wdeht 

Acthritt 
Intnlcro- 
nnies 
per cram 

Reten 
tlon per 

cram 

In 

per cent 
of doce 

Per 

cant 

of 

normal 

Lymph node 

N 



ftrumt 

2 18 

ptrctMi 

Lymph node 

L 

0 642 

0330 

488 

223 

Spleen 

N 



46 


Spleen 

L 



462 

101 

Liver 

N 


0 159 

337 


Lrver 

L 


0 171 

368 

109 

Muscle 

N 

3 730 

0 076 

162 


Muscle 

L 

2350 

0 086 

133 

113 

Bone 

N 

0 745 


43 


Bone 

L 

■Xgl 


435 

110 

Balance 

N 

90 96 

0 082 

1 1 74 


Balance 

L 

78300 

0 039 

1 9 

109 

Total animal 

N 

SEQI 

0 087 

’ 135 


Total animal 

L 

m 

0105 

234 

121 


Average retention per normal animal of the tagged 
photphorua administered 38 4 per cent 
Average retention per leukemic animal of the tagged 
phosphoms admmBtered 54.3 per cent. 


100 HOURS AFTER P** ADMINISTRATION (NORMAL VS 
LEUKEMIC MKK) 


TUaue 

Nonnal 

or 

lea 

ka^ 1 

Wet 

vdclit 

ActlWtr 
[nmicro- 
enrfes 
per cram 

vdebt 

Reten 
tlon per 

cram 

fn 

per cent 
of dOM 

Par 

cent 

of 

nonnal 

Lymph node 


0320! 

0 109 1 

ftretni 

232 

ptritnt 

Lymph node 


0 413| 

0300 1 

438 

185 

Spleen 


0 720* 

0 110 1 

234 


Spleen 


2 777i 

0179 i 

382 

168 

Lrver 


5042 

0 101 1 

2 14 


Lh^ 


9365 1 

0 112 1 

239 

112 

Moscle 


4354 

0063 



Muscle 


36121 

0356 

lii 

90 

Bone 


0321 

0 206 

438 


Bone 


0 486 

0347 

535 

120 

Balance 


101300 

1 0 053 

1 18 

1 

Balance 


95 92 

. 0366 

14 

118 

Total anunal 


111300 

0 059 

1 25 

125 

[ 

Total animal 


112 6 
! 

1 0373 

137 


Average retention per nonnal animal of tagged phos- 
phorus adnumstered 27 6 per cent. 

Average retention per leukemic animal of tagged phos- 
phorus administered i5 per cent. 
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LYMPH NODE SPLEEN 



Fig 1 Relative Exchange of Radioactive Phosphohus in Nokmal and Lehkbmic AmiiIals 
Each point represents the tissues from S animals The acUvities per gram wet weight are plotted against 
hours after injection of m the form of NaiHPO*, and they are expressed m per cent of dose per gram of 
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DISCUSSION AND SUMMARY 

The uptake of radio-phosphorus m 20 leukemic 
and 20 normal animals during the 100 hours be 
fore sacnhang has been compared Gross and 
microscopic examination of the animals showed 
that the lymph nodes the spleens, the hvers and 
the bone marrows of the leukemic animals were 
infiltrated with leukemic cells, whereas the skeletal 
muscle showed no infiltratiom The average up- 
take per gram of whole body and bone was only 
shghtly greater m the leukemic animals while 
the uptake m muscle was shghtly less in the leu 
kcmic animals On the other hand, the uptake 
and exchange m leukemic spleen and lymph gland 
are strikingly greater than normah In previous 
work (1) it \vas shown that when mice have local 
lymphomatous tumors the greater uptake and ex 
change m this tissue occur partially at the expense 
of whole bone and liver If the markedly greater 
uptake of phosphorus in the spleen and lymph 
nodes of leukemic animals of the present expen 
ment is related to the extensive infiltration of 
these organs with leukemic cells then one would 
expect a similar large uptake m other infiltrated 
tissues such as hver and bone (which includes 
bone marrow) As noted m the figures the ob- 
servations m these experiments do not show this 
A reasonable explanation would seem to he m 
the probabihty that “ stealing ’ of available phos 
phonis from bone hver and muscle has occurred 
as a result of the large deposition of phosphorus 
m leukemic tissue generally Also it is probable 
that the metabolism of phosphorus in bone mar 
row 13 largely masked by the metabolism of phos 
phonis m cortical and cancellous bone smee the 
latter has such a high content of phosphorus. It 
seems impossible at the present tune to analyze 
accurately the factors which are coucemed m the 
uptake and exchange of the phosphorus clement 
m these normal and leukemic tissues We have 
shown that there is httle if any difference in 
the total phosphorus content of infiltrated or un 
infiltrated lymph node, spleen or hver The 
uptake or exchange of this element must be as 
soaated with the metabohsm of the many m- 


organic and orgamc compounds (nudeo-protcins, 
phospholipids, etc) and with the building of new 
tissue, which contains phosphorus as an essential 
constituent In the case of leukemic tissue the 
greater uptake and exchange would seem to be 
related to first the rapid budding of new tissue 
and second, the greater rate of metabolism of 
this tissue. It IS dear that the uptake of a smgle 
dose of phosphorus by any tissue is independent 
of the total phosphorus content of that tissue 
Fractionation of the vanous orgamc and inorgamc 
phosphorus compounds m the tissues is btmg car 
ried out to throw hght upon these questions m 
normal and diseased conditions. From the prac- 
tical standpoint, it seems important to note that 
m the lenkenue animals the tissues having the 
highest activities are spleen, bone, lymph node and 
liver, and these arc the tissues predominantly in 
volved m the leukemic process. Unlike x rays 
which penetrate great distances m tissue, the 
beta rays from radio-phosphorus penetrate less 
than a ccntiractcr and thus act locally Therefore, 
the relatively high concentratioa of radio-phos 
phonis m leukemic tissues gives us a method of 
somewhat localizing the irradiation to the infil- 
trated areas, and this should prove valuable m 
the therapy of this disease. 

WPA. aulstance (Project Ntunber 1069S) U ac 
knowledged, and we also wish to thank the staff of the 
KadiatioQ I.aboratory whose generous cooperadoa made 
radio-phosphorus available to n*. 
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Measuring^ the micute volume of blood flow 
through an extrcmitj at rest or m response to 
a physiological stimulus offers a useful means of 
evaluatmg the status of its vascular bed, Hew- 
lett and Van Zwaluwenburg (1) used for this 
purpose a plethysraograph based upon the pnn 
aple demonstrated by Brodie (2) wherein sudden 
occlusion of the veins draining tlic hrab produces 
an increase in limb size, which can be used as a 
measure of artenal mflow If a hmb is enclosed 
m a ngid contamer the increase m volume can 
be recorded in a variety of ways Hewlett and 
Van Zwaluwenburg (3) used air conduction and 
optical recordmg , more recently others have used 
water or water and air conduction with a Brodie 
bellows, Gad volume recorder or a piston re 
cordcr Expenence has shown us that these 
latter methods have concealed errors which be 
come apparent when replaced by air conduction 
and optical recordmg These are (o) errors m 
cahbration due to a non rigid closure of the open 
end of the plethysmograph, (b) errors due to 
mvoluntary movement of the extremity mto and 
out of the plethysmograph, (c) errors produced 
by nsiog mtravascular tension secondary to venous 
obstruction, (d) errors due to the effect of dis 
placement of blood from beneath the collecting 
cuff This report concerns itself with a study of 
these errors, with means of eliminating them and 
with a comparison of five procedures commonly 
used to produce dilatation of the vascular bed in 
the lower extremity 

apparatus 

A modification of the Hc^vlett and Van Zwalu 
wenburg leg plethysmc^fraph (3) was devised 
which has the followmg chief advantages (a) 
greater accuracy m calculation of minute blood 
flow (b) case and accuracy of calibrabon, (c) 
rigid air tight non-constncting closure of the 
open end, (d) case of ^iphcatioiL 

The plethyaroograph (Figure 1) is made of cast 


aluminum formed hhc a boot %vith a capacity of 
6,500 cc,^ It 13 bivalved on its long axis and 
when fitted together about the leg is closed with 
a rubber gasket A thin rubber pad (not shown 
m drawing) 13 interposed between the sole of tlie 
foot and the boot wall upon which it rests. To 
keep the air surrounding the hmb at a constant 
and at any desired temperature, the plethysmo- 
graph IS immersed m a v/ater bath After im 
mersion the boot is anchored firmly by a sliding 
gate made water tight with a sponge rubber 
gasket (Figure 1) 

Tlic space between the leg and boot wall at its 
moutli IS filled with fast-setUng plaster of pans 
(Figure I) A cardboard nng supported by a 
ledge m the boot ^vall prevents the plaster while 
m Its hqmd state from falling mto the plcthysmo- 
graph- Before the plaster becomes firm, the leg 
13 moved from side to side to create a 2 mm 
space between the skin and adjacent plaster 
When the plaster is firmly set the leg is with 
drawn 2 to 3 cm and melted Unna paste is ap- 
phed m a thick layer to the skm surface which 
is to be m contact with the plaster The leg is 
qmckly returned to its natural position in the 
boot the Unna paste (Figure 1) completely fill- 
ing the crevice between the skin and plaster A 
generous apph cation of melted Unna paste ap- 
pUed over the outer surface of the plaster and 
for a distance of 3 cm upon the skm of the leg 
completes an air tight ngid closure of the plcthys- 
mogiaph Without pfoduang any venous obstruc- 
tion The clastiaty of the Unna paste permits 
slight voluntary controlled movement of the limb 
which reheves the cramphke sensations accom 
panymg prolonged expenments- 

Volurac changes of the Irnib within the plethys- 
mograph are recorded opticallv with a Frank 
segment capsule joined to the plethysmograph by 

1 The pletbyimosrapli for the foot aloae has a capaaty 
of 3,200 cc. 
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(1) Calibrating stopcock, (2) rubber tube connecting plethysmograph with Frank segment 
capsule, (3) plaster of pans seal, (4) sponge rubber gaskef> (5) Unna paste seal, (6) collecting 
cuff 


a piece of stiff rubber tubing IS cm long with 
a bore of 1 2 cm 

Sudden obstruction to venous drainage from 
the hmb is accomplished in the conventional man- 
ner by a blood pressure cuff (hereafter referred 
to as the collecting cuff"") 6 cm in diameter 
(Figure 1) connected to a reservoir containing 
air at the desired pressure The moment at which 
the collecting cuff is inflated is recorded by a 
Frank segment capsule (Figure 2) 


It IS necessary (for reasons to be discussed 
later in the paper) to have tlie plethysmograph 
open to the atmosphere when the collecting cuff 
IS inflated and for a penod of one second there- 
after This IS accomplished as follows A stop- 
cock is mtroduced m the tube connecting the 
pressure reservoir with the collecting cuff and 
another m a side arm from the tube connecting 
the plethysmograph with the Frank segment cap- 
sule A solenoid actuated by a time switch op- 
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Fig 2 Optical Recohd of Phasic Blood Flow in Leg 
Movements of chest ^vaU with down stroke denoting inspiration. 
Coll Cuff Pressure changes m the coUectmg 
PUth Limb volume changes as recorded by the plethysmograph. 

Z Denotes moment of coUectmg cufif mflation. 

X~y Interval durmg which plethysmograph is open. 
a-b Rapid arterial inflow phase. , 

b-c Arterial outflow phase. 
c-d Slow arterial mflow phase. 

A-B Cycle from which blood flow calculabon is made. 

Ordinate M aSJS 

Numbers represent value m cc. of ttie net arterwi ui 

cycle. 
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crates both of these stopcocks simultaneously 
When the tuning s^vltch is dosed the solenoid 
opens both stopcocks Thus the plethysmograph 
IS open (Figure 2X) to the atmosphere at the 
time the collecting cuff is mflatcd When the 
tuning switch opens one second later the solenoid 
IS released and a spring mechanism closes the 
plethysmograph stopcock, thus allowing the vol 
ume changes of the hmb to be recorded (Figure 
2Y) 

Calibration, of the plethysmograph is accom- 
plished by injecting or withdrawing a measured 
volume of flmd through a stopcock (Figure 1) 
mto a small rubber bag within the plethysmograptu 
This must be done with the extremity m situ and 
with the arterial inflow completely obstructed by 
pressure m the collecting cuff 

The natural frequency of the apparatus m situ 
ranges from 50 to 100 per second over such a 
range of sensitivity that a I cc* mcrcase in the 
fluid content of the plethysmograph produces a 
light beam excursion of 2 to 10 cm. at a projee 
bon distance of 1.5 meters 

Immobdity of the hmb inside of the plcthysmo- 
graph 13 checked at the banning of and during 
each experiment by completdy ocduding the ar 
tery and observing whether or not any vanabon 
m the plethysmograph volume occurs synchron 
ously with breathing When mvoluntary move 
ment of the hmb mto and out of the plethysmo- 
graph 13 noted it IS easily abolished hy placing 
a wide gauze bandage across the superior margin 
of the patella and tying each end to the water 
bath thus anchoring the limb without producing 
any venous obstmeborL 

Respiratory excursions of the chest wall are 
recorded by a Frank segment capsule cormected 
with a pneumograph. The volume of the hrab 
contained m the plethysmograph is determmed by 
displacement. Brachial arterial Wood pressure 
detenmnabons are made by a mercury manometer 
and auscultabon immediately after each measure 
ment of blood flow 

expemiientai- pbocedubb 

For tbe»e itodie* the lubject bes upon his hack m a 
Gatch bed with the hip aod knee flexed about 35 and the 
head and shonldcrs sbghtly eJevated, thus bringintf the 
heart and the extremity being measnred approximately to 
the same level This position is chosen became it pre 


vents the development of high venous pressure m the hmb 
and 13 known to be the position best tolerated with com 
fort over a period of several houn. To obtam standard 
cxpenmeatal cooditkms the following requirements are 
observed (a) teTcre exercise is prohibited for 24 hours 
pnor to a study (b) smoking is not allowed within the 
hour preceding and during a study (c) unnecessary talk 
ing and other disturbing influences arc avoided during the 
observation, (d) studies are begun 3 to 4 boors after the 
last meal (r) the subject, clad m trunks, reclmei qmetly 
for 45 minutes m a room kept at a constant temperature 
between 28 and 30 before bang studied, (/) a lapse of 
oO minutes is allowed after completing the application, of 
the boot plethysmograph before records are taken. This 
allows the flow of blood to assume a constant level and 
the beat m the setting plaster and melted Unna paste to 
dissipate, 

14ETHOD OF CALCULATING BLOOD FLOW 

A typical record is shown in Figure 2, The upper 
curve denotes respiratory excursitsis of the chest walb 
inspiration bang represented as a down stroke. The 
moment of inflation of the coUectmg cuff is signalled by 
the sharp nse (Z) of the second curve. The loivcr curve 
(tune marker equals 04 seconds) is a record of the va 
nations m volume of the Hmb contained m the plethysmo- 
graph. It 13 noted that with each pulse there is a rapid 
increase m hmb volume (o~b) followed by a small de- 
crease (b->c) after winch there is a gradual further m- 
crease (c-d) In terms of blood flow each pulse shows 
au initial large inflow followed by a small outflow which 
m turn Is followed by a gradual inflow of blood. Actually 
each pulse (Figure 2, a-d) represents a net inflow of 
artemi blood. That portion of the cycle (b-c) repre- 
senting outflow merits more detailed discussion later 

It is apparent from these vanatlons durmg a smgle 
pulse that the net Inflow (a single complete cycle) u the 
smallest unit that can be used for measuring blood flow 
Methods using the gradient of any portioa of a cycle for 
calculating blood flow art distmeUy m error As the 
curve ruts, each successive beat forces a smaller net vol 
ume of blood into the leg became of rising venous re- 
sistance. In this curve (Figure 2) the net flow per sue 
cessive beat Is 2.0 175 I.<5, 1 4 cc. This fact mtrodoccs 
an error in all procedures caing the volume of several 
successive beats to calculate minute blood flow To avoid 
the error introduced by a nstng venous resistance, the 
first complete cycle following bflabon of the collecting 
cuff should be used as the umt most nearly representing 
true arterial mflow Use of tins cycle, however is com- 
plicated by the fact that the collecting cuff as it is in- 
flated squeezes an appreciable volume of blood from the 
vessels underlying it into the tissues contained in the 
plethysmograph. The effect of the duplaced blood on 
the linib volume cannot be differentiated 1^ the plethywno- 
graph from the effect of normal artcral inflow Optical 
recording methods also show that this effect cannot be 
avoiticd by varying the size or distances of the collecting 
cuff from the plethysmograph as has been supposed by 
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investigators using less sensitive, low frequency apparatus 
Since this action of the collecting cuff cannot be pre- 
vented, the first cycle following the termination of its 
effect becomes the earliest available cycle for measuring 
blood flow The time required to complete the displace- 
ment of blood from beneath the collecting cuff is deter- 
mined by completely occluding the artenal mflow to the 
leg with an inflated cuff on the mid-thigh and then m- 
flating the collecting cuff m its usual position with a 
pressure of 80 mrm of mercury The mcrease m limb 
volume within the plethysmograph (Figure 3, A--B) re- 



Fic 3 Displacement of Fluid fkom Beneath 
Collecting Cuff 

A-B Magnitude of and time required for displace- 
ment of fluid from beneath collecting cuff 

suiting from displacement of fluid by the collecting cuff, 
even when of large magnitude, never requires more than 
12 seconds Consequently, the undesirable effect of the 
collecting cuff can be circumvented by measurmg the 
mcrease m limb volume for one pulse cycle beginning at a 
pomt (Figure Z-A) 16 seconds after mflatmg the col- 
lecting cuff, regardless of the place in the cycle at which 
this point falls. In order to nullify the error that might 
be introduced by a smus arrhythmia, the duration of this 
cycle (Figure 2, A-B) must be equal to the average of 
several cycles recorded during the flow measurement. 
The ordinate value representing the net artenal in- 
flow for one c>cle is converted to cubic cm. and the net 
artenal blood flow is expressed m the conventional man- 
ner of ca per 100 cc, limb substance per minute. 

The sudden mcrease m lunb volume produced by the 
massaging action of the collecting cuff is not recorded 
(Figure 2, Z-F) by the simple expedient of having the 
plethysmograph open to the atmosphere during the tunc 


this event occurs This is accomplished by the apparatus 
described earlier 

In addition to errors resultmg from inadequate ap- 
paratus, imperfections m technique may be mtroduced by 
variations m the mdividual being studied. Observations 
show that records taken more frequently than e\eiy 2 
mmutes result in progressively smaller blood flows. Ap- 
parently sufficient tune (2 mmutes) must be allowed after 
each test for the accumulated blood to leave the tissues 
in order to restore normal dynamic conditions 

TABLE 1 


Consioncy of leg foot blood flows taken at 2-minuU intervals 


Time 

Blood 

flow 

Heart 

Room 

tem- 

pera 

ture 

fill 

Boot 

tern 

pera 

ture 

Oral 

tern 

pera 

ture 

Cuff 

pre* 

cure 

9^6 

80 

104/66 71 

28 

45 

r 

43 

37 

8Q 

9^8 

74| 

104/66 65 

28 

45 

43 

37 

80 

9 40 

76 * 

104/66 73 

28 

45 

43 

37 

80 

9 42 

74 

104/66 71 

28 

45 

43 

37 

80 

944 

79 

104/66 71 

28 

1 

45 

! 43 

37 

t 

80 


Blood flow IS expressed m cc per ramute per 100 cc leg 
tissue 

Blood pressure and cuff pressure are expressed m mm 
of mercury 

All temperatures are expressed m degrees centigrade 


TABLE It 

Effect of blood pressure upon blood flow 



Blood 

prea- 

stire 

Heart 

rate 

Room 

tem- 

pera- 

ture 

Bath 

tern 

pera- 

ture 

Boot 

tern 

pera 

ture 

Oral 

tern 

pera 

ture 

Cuff 

pre* 

aurc 

11*00 6 7 

116/70 

1 69 

28 

28 

1 28 

37 

1 75 

11:03 6 6 

116/70 

57 

28 

28 

: 28 

37 

75 

11 12 68 

116/70 

1 58 

1 

28 

28 

28 

37 

: 75 


HANDS IMMERSED IN WATER AT 11 DEGREES CENTIGRADE 
FOR 5 MINUTES 



It scarcely seems necessary to pomt out the absolute 
necessity of blood pressure observations for mterpreting 
variations m blood flow Nevertheless there is a con- 
spicuous absence of such data in published reports con- 
cerning this subject. Table II shows the influence of 
blood pressure change upon the blood flow m the foot 
It IS apparent also from the contour of the phasic flow 
that if the heart rate is mcreased, even though there be 
no change m systolic or diastolic pressure, there may be 
an mcrease m the peripheral blood flow since it is the 
latter part of the cycle that is shortened. 

Table III shows that the pressure m the collecting cuff 
can vary over a wide range with but little variation m the 
recorded blood flow 



BLOOD FLOW INTO UMBS BY OPTICAL PLETHYSMOGRAPH 


277 


TABLE m 

Effect of kmennt the coUedini cuff prasuro upon tJu 
recorded hlowfiou> 


Him 

Blood 

flxnr 

Blood 

tn*- 

rare 

Heart 

rau 

Room 

per* 

Bath 

tern- 

perm 

tore 

Boot 

tem- 

per*- 

rare 

Or«l 

tem- 

pera 

rare 

Caff 

piev 

■one 

SM 

37 

120/72 

68 

28 

28 

28^ 

37 

80 

8d}4 

3S 

120/72 

69 

28 

28 

28 5 1 

37 

60 

8*7 

3^ 

120/72 

71 ' 

28 

23 

28^ 

37 ! 

42 

8*91 

34 

120/72 

68 1 

28 

28 

28.5 : 

37 1 

35 

8 12 

3^ 

120/72 

70 , 

28 

28 

28J 

37 , 

25 

8 IS 

2.8 1 

120/72* 

70 

28 

28 1 

28 5 

37 

15 


Thv arterial backflow 

The record shown in Figure 2 reveals a bnef 
reduction in hrab sizc^ h—c which is due to an 
outflow of blood occurring m the presence of a 
pressure of 80 mnn of mercury in the collecting 
cuff The only channels by which blood can 
leave are the superfiaal and deep veins of the 
leg, the bone ranals and the arteries Escape via 
the vans under the inflated collecting cuff is ex 
eluded by a pnon considerabons and also by the 
fact that it occurs during the first beat after m~ 
flating the cuff at a tune when the pressure 
m the veins cannot conceivably overcome that 
produced by the collecting cuff Furthermore, it 
vanes greatly in magnitude m different mdivid 
iials and m the same mdividual under varying 
conditions , in fact, it may be entirely absent. 
Outflow of blood via vessels of the bones in the 
foot and 13 not plausible since these vessels 
join more superficial veins before they reach the 
collecting cuff We agree with Hewlett and Van 
Zwaluwenburg (3) that by exclusion, the only 
conclusion tenable is that the reduction m limb 
sue (Figure 2, b-c) represents artenal backflow 
We bcheve it to be a phenomenon normally pres 
ent m unimpeded blood flow m the extremities 
The forces responsible for artenal backflow 
ansc m the following manner The discharge of 
blood from the left ventncle mto the aorta in- 
itiates a pressure wave which is rapidly propa 
gated along the aorta and mto its branches This 
pressure wave accelerates the flow of blood in the 
regions through which it travels, producing a 
wave of accelerated blood flow Upon reaching 
the terminal portions of the artenal tree, tlie mo- 
mentum of this accelerated column of blood for 
a bnef penod forces more blood into the small 


artenes and artcnolcs than can flow from them 
mto the capillanes Consequently, for a moment 
blood accumulates m the distal end of the artenal 
tree. As the blood accumulates, it also decelerates 
and a portion of its energy of flow is converted 
mto energy of lateral pressure As a result, the 
pressure of the accumulated blood m the small 
artenes for a bnef moment exceeds that of the 
blood in the larger artenes, and artenal backflow 
occurs 

The pressure relationships necessary to produce 
this artenal backflow have been found to exist 
m the limb of the dog by Hamilton and Dow (4) 
and m the lower extremity of the human by 
Hamilton, Woodbury and Harper (5) The dem- 
onstration of backflow m artenes as far distal as 
those of the foot requires that these vessels must 
be included m the oscillating artenal system the 
reflected ^vave3 (not only pressure but also actual 
fluid displacement) from which influence the con- 
tour of the artenal pulse in all s^pnents prox- 
imally located This view has previously been 
suggested by Hamilton (4) on the basis of ar 
tenal pressure measurements. 

Figure 4 shows the pliasic flow of blood at 
rest {A) and after the appUcation of local heat 
{K) The backflow (B-C) present normally is 
abohshed (D-£), presumably due to dilatation of 
the axtenoles and a consequent lessening of blood 
accumulation m the small artenes with each heart 
beat 

Figure 5 shows the phasic and net artenal 
blood flow of the foot before (H) and after (/) 
inhalation of amyl mtnte and before (/) and 
after (K) sacral diathermy Each of these pro- 
cedures results m an mercase of the initial inflow 
phase (A-B), and an mcrcase m the artenal back- 
flow phase (B-C) with a reduction m the net 
artenal mflow (D-B) In spite of an increase m 
heart rate, the minute flow is reduced m cacli 
instance. Because of the increase m the mitial 
artenal inflow phase {A-B) an osallomelcr rec- 
ord of these observations would be errone- 
ously interpreted as demonstrating an increase m 
net artenal blood flow Hewlett and Van Z>\'al- 
uweuburg (3) called attention to this same error 
m volume pulse recorders (oscillometers) m 1913 
We raise the pomt agam to emphasue an impor 
tant observation which has been overlooked or 
forgotten by ninnerous investigators. 
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Resting blood flow studies 
When the foot and leg are exposed to a tem- 
perature of 45° C for 30 minutes extraneous m- 
fluences on the minute volume of blood flow are 
minimized Table I shows that imder these con- 
ditions the mmute volume of blood flow does not 
deviate more than 6 per cent from the mean A 
glance at the resting values for blood flows m 
Tables III, IV, V, VI, VII and VIII reveals only 


slightly larger vanations m the unheated leg, sug- 
gestmg that the foot and leg (more so than the 
foot alone) represent a more stable vascular bed 
than heretofore beheved 

The same tables also sliow the well-known large 
vanations m values for resting blood flows ob- 
tained in different individuals, even when deter- 
mmed under quite similar conditions Resting 
blood flow determinations m the same individual 



Fig 4 The Phasic Blood Flow A Before and K Aftek Local Heat 
IN THE Same Individual 


B-C Phase of arterial backflow 
D-B Absence of arterial backflow 



Fig. 5 The Effect of Amyl Nitrite and Saceal Diathehmy ufon 
Phasic Blood Flow 


H Normal resting flow 

I Same individual after inhaling amyl mtntc. 
J Normal restmg flow 
K Same mdividual after sacral diathermy 
A-B Rapid arterial mflow phase. 

B-C Artenal backflow phase 
C-D Slow artenal mflow phase 
D-E Net arterial mflow 
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TABLE IV 


Effect of IM keat nfUx on Uffoot Uoodjlow 
RESTIMO BLOOD FLOW 


TLm« 

Blood 

flow 

Blood 

Prt>- 

ruii 

Heart 

rate 

Room 

Um 

POA 

tore 

Bath 

1 tern 

1 t>«« 
ture 

Boot 

tern 

per* 

tma 

Ona 

ten 

oa*’ 

teie 

Cuff 

prta* 

anr* 

3J1 

3JS 

1 8 1 
2J0 

1 

106/70 

106/70 

1 

82 
82 i 

1 

29 8 
29.8 

30 

30 

30 

30 

37J 

37J 

1 70 

1 70 


3 45 — DTPER EXTREUmBB DOtERSED TM WATER AT 45 
DEGiEBS CENTICRADB 


4J2 

3 8 

108/72' 

89 

298 

30 ' 

30J 1 

37J 

4J6 

39 

1 108/72' 

92 

1 29.8 J 

30 

30.5 1 

37.3 

4J6 

4J2 

108/72| 

89 

29.8 

30 1 

30J 1 

37J 


4*45 — WATER BATH OF PLETHVSROORAPH CHANCED TO 
45 DBGRER3 CENTICRADB 


5 17 

6.9 

102/68 

92 

30 

45 

44 

374 

70 

549 

69 

102/68 

89 

30 

45 

44 

374 

70 

5.23 

68 1 

1 

104/72 

89 1 

1 1 

30 

45 

44 1 

374 

70 


TABLE V 

Effect of scuittc nerve block on Uifool blood flow 
RESTING BLOOD FLOW 


Time 

Blood 

flow 

r‘ ■ 

Blood 

prea- 

aura 

Heart 

me 

Room 

tem 

pera 

tme 

Bath 

tem 

pert 

tme 

Boot 

tem- 

pert- 

tort 

Oral 

tem- 

pei»- 

tore 

Caff 

prea- 

mra 

240 

in 

108/72 

ri 

27 

27 

28 

37 

75 

2 45 

29 

Emu) 

80 

27 

27 

28 

37 

75 


34 

ngQj 

m 

27 

27 

28 

37 

75 

SCIATIC NERVE BLOCIED WITH 10 PER CENT PROCAIMB 
(complete motor and sensory) 

345 

6Si 

112/70 

71 

27 

27 

30 

37 

75 

347 

54 

108/70 

67 

27 

27 

30 

37 

75 

4:00 

64 

108/70 

71 

27 

27 

30 

37 

75 

4 10 

64 

108/70 

74 

27 

27 

30 

37 

75 


4J0 — water bath of PLETHYSMOGRAPH CHANCED TO 
45 DSGRRE3 CENTIORADB 


Sd)5 

64 

108/66 

77 

27 

45 

44 

37 

5 151 
i 

64 ! 
1 

108/66 

76 

27 

45 

44 

37 


on different days under non basal conditions 
(Table Vni) s^w no constaru^ whatever but 
under stnctly basal conditions (Table VIII) the 
same mdividual shows a remarkably constant rest- 
ing blood flow This emphasizes the importance 
of observing such basal conditions when making 
blood flow determinations on the same individual 
for comparative purposes 


Mtnute blood flow m response to vasodilating 
procedures 

The response of the pcnpheral vascular bed to 
vasodflabng procedures frequently furnishes valu 
able clinical information regarding their capacity 
for further dilatation We have compared the 
effect of five such procedures m normal healthy 
young men and have studied the constancy of the 
reaction of the one producing the maximum vaso- 
dilatatiOEL The methods studied are (o) heat 
reflex method of Gibbon and X^dis (6), (6) 
saatic nerve block (7), (c) spinal anesthesia (8) 


TABLE VI 

Effect of spinal anesthesia on lei-foot blood flow 
RESTtNO BLOOD FLOW 


Tima 

1 

Blood^ 

Blood 1 

1 

Heart 

Room ' 
tem 

Bath 1 
tem- 

Boot 

tern- 

Oral 

Cuff 

flow 

i 

titrt 

rale 

1 

peta 

ttua 

pera 

tare 

pera 

tma 

toa 

aort 


2.1 1 

112/72! 

67 

28 

28 

284 

374 



24 1 

112/721 

67 

28 

28 

1 284 

1 374 



120 UCM, OF NOVOCAIN CRYSTALS INJECTED INTRATHE 

CALLY AT 2m) LUMBAR WITH COMPLETE MOTOR AND 

SENSORY PARALYSIS TO AND INCLUDING Dl2 
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4 10 — UPPER ETTREMmES IMMERSED IN WATER AT 45 


DEGREES CENTIGRADE 



IS 









IB 









TABLE VU 

Effect of sacral dtaihenny on foot Hood flow 
RESTINO BLOOD FLOW 


Time 

1 1 
iBtood 

Blood 

1 j 

Heart 

Room 

Bath 

Boot 

Oral 

Coff 

1 1 

pee*- 

•ore 

tau 1 

para 

tort 

pen, 

ton 

pcrtr ; 

ture 

pera- 

tttre 

prea- 

ftora 

242 ' 

4.0 

104/60 

64 

28 

28 

28 

374 

65 

244 

44 

110/60| 

68, 

28 1 

28 

28 1 

374 

65 


DIATHRRMY 1500 UHLIAMPERKS APPLIED OVRR SACRUM 
FOR 30 MINUTES 


3^1 2.7 j 105/54j 67 j 28 j 28 j 29 j 37.8 j 65 

3JS — WATER BATH OF PLBTHYBMOGRAPU CHANGED TO 45 
DEGREES CENTTGRADB 


4 12 

97 

106/60 

67 

28 

45 

44 

37 6 

65 

446 

11 7 

110/64 

6t 

28 

45 

1 

44 

37 6 

65 
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TABLE Vm 


Constancy of effect of local Iieat under basal and non basal conditions 
non-basal blood flow 


Subiect 

Resting blood flow 

Blood flow after local heat 

Date 

Time 

Blood. 

flow 

Blood 

prcjfurc 

Heart I 
rate 

Time 

Blood 

flow 

Blood 

ptetsuie 

Heart 

rate 

w z 

January 10, 1939 

8 12PM 

56 

112/72 

72 

8J6PM 

63 i 

112/72 

60 



8 15 ! 

5 2 

112/72 

70 

8^8 

62 

112/72 

68 







9-05 

72 

112/72 i 

70 

w z 

January 11, 1939 

8 28 PM 

72 

116/76 

71 

9^3 P M 

80 


71 



8 

67 

116/76 

68 

9M 

mm 


71 






1 

940 


108/66 

73 


BASAL BLOOD FLOW 


Subject 

Date 

Time 

Blood 

flow 

Blood 

preaaiire 

Heart 

rate 

Time 

Blood 

flow 

Blood 

presaurc 

Heart 

rate 

w z 

January 13, 1939 

9^0 AM 

2 1 

98/66 

41 

10^ AM 


98/64 

60 



9^2 

2 1 

94/64 


10^5 


98/64 

53 



9 41 

2 8 

94/64 

58 

10^5 



63 







! 1037 


102/68 

60 

w z 

January 14, 1939 

9 11AM 

22 

110/70 

57 

9 48AM 

40 

108/64 

62 



9 13 

2 1 


55 

10*07 

54 

110/60 

62 



9 16 

2 1 

110/70 

55 

10 15 

52 

110/60 

64 


AFTER BREAKFAST BUT NO MUSCULAR ACTIVITY 


W Z 

January 15, 1939 

10 40 A M 

36 

110/68 

60 

11 24 AM 1 

50 1 

108/70 

60 



10 45 

37 

110/68 

62 

11 40 

56 


67 







j 11 42 

5 1 


61 


(d) sacral diathermy (10), (e) local heat ap- 
phed for 30 mmutes at 45® C 

Reflex heat Table IV shows the typical reac- 
tion obtamed m 1 of 5 subjects resulting from 
immersion of the hand and forearm of both upper 
extremities m water at 45® C for 30 to 45 
mmutes In each mdividual this procedure pro- 
duced an unquestionable mcrease m blood flow 
above the restmg level When this was imme- 
diately followed by local heat applied to the leg 
m the plethysmograph, a further marked increase 
was obtamed m each mstance 

Sciatic nerve block Blockmg the vasomotor 
fibers m the saatic nerve (Table V) produced m 
each of 5 subjects a marked mcrease m blood 
flow as compared to the restmg minute volume 
In no case did reflex heat or local heat m the 
presence of saatic nerve block produce a further 
mcrease m blood flow 

Sacral dtathenny Of 3 subjects studied by 
apply mg diathermy (1500 MA) to the sacral 
area, 2 showed an actual decrease and I a very 


slight increase m blood flow (Table VII) All 3 
responded with an mcrease m blood flow upon 
the apphcation of reflex heat immediately after 
the diathermy 

Spinal lumbar anesthesia Table VI shows the 
effects upon blood flow m the foot and leg pro- 
duced by spmal anesthesia from T-12 down 
Complete motor and sensory paralysis was pres- 
ent m all 3 of the subjects so studied, 1 other 
having the same level of anesthesia and the third 
wth anesthesia extending up to T-10 In no case 
did we find any evidence of an mcrease in blood 
flow as compared to the restmg level In each 
case heating the upper extremities produced an 
mcrease m blood flow m the presence of the motor 
and sensory paralysis due to the spinal anesthesia 

Local heat It is apparent from the foregoing 
tables that the maximum dilatation occurs m re- 
sponse to local heat and to saatic nerve block = 

2 We realize that other procedures such as muscular 
exercise and reactive hyperemia might cause a much 
greater vascular dilatation but, for obvious reasons, they 
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In the 5 subjects studied our observations show 
that local heat and sciatic nerve block, when ap- 
phed separately, yield the same blood flow re 
sponse per individual within narrow lumts, pro- 
viding the conditions under which the mcasiue- 
ments are done are comparable. 

If local heat is to be used as the stimulating 
agent, the constancy of its response must be 
known A senes of studies on the same mdividual 
(Table VTU) shows that under non basal con 
dihons after a day of ordinary activity the re 
sponse to local heating is fairly constant This 
equality of response, however, is condihoncd by 
one very important observation, as shown in Table 
Vni The same subject was studied on 2 days 
under stnctly basal conditions and on the third 
day under basal conditions so far as activity was 
concerned but following the ingestion of a light 
meal On all 3 days the response to local heat 
was m very dose agreement but of sigmficantly 
less magmtude than after a day of muscular ac 
tivity Apparently muscular activity conditions 
the response of the peripheral vascular bed to the 
stimuliis of local heat Studies made upon the 
same mdividual on different days for comparative 
purposes must take this mto account It is prefer- 
able to do all measurements under stnctly basal 
conditions 

DISCUSSION OF RESULTS OF DILATING PBOCEDUHES 

We condude that local heat for 30 to 45 mm 
utes at 45° C can be substituted to advantage for 
the somewhat more formidable procedure of 
saatic nerve block to produce maximal penpheral 
vascular dilatation at least m normal individuals 
The application of this condusion to diseased vas 
cular beds remains to be tested It is conceivable 
that vessels which arc damaged or under the con 
trol of an abnormal autonomic nervous system 
may not have the same response to local heat as 
those m normal mdividuals We also noted that 
the blood pressure and heart rate fluctuate more 
m response to local heat than to saatic nerve block. 

Our results with spmal anesthesia appear to 
be at variance with those of Morton and Scott 

would not be suitable agents for studying diseased vai 
cular beds. Moreover the blood pressure and heart rate 
changes accompanying cxerdsc and the difficulty of con 
trolling the amount and rate of work done would senously 
complicate the mterpretation of the results obtainexl. 


(8) and of Bnll and Lawrence (9) who report 
an increase m blood flow m the foot under simi 
lar conditions of spinal anesthesia An elevation 
of foot skm temperature was used by them as a 
measure of increase m blood flow A possible 
explanation of our differences might be found m 
the fact that thar subjects were studied m a 
room with a temperature much lower than ours 
so that the blood flow of their subjects would be 
expected to be much less than that of our subjects 
at the bcginnmg of the cxpemneDL In fact the 
skm temperature of our subjects ^vas 31 to 32° C 
on the dorsum of the foot at the beginnmg of 
our expenmenU a skm temperature virtually 
equal to that obtamed in the subjects of Morton 
and Scott (8) after spmal anesthesia. For this 
reason it appears possible that our subjects at 
rest before spmal anesthesia had blood flows es 
senbally as great as the subjects of Morton and 
Scott after spinal anesthesia Such evidence im- 
plies that spmal anesthesia docs not give complete 
vasomotor nerve block. This impUcation finds 
support m the fact that reflex heat produces an 
mcrease m blood flow m the presence of com 
pletc skeletal motor and sensory anesthesia. Since 
spinal anesthesia does not produce an mcrease m 
blood flow equal to that rcsultmg from saatic 
nerve block, and smee reflex heat is effective m 
the presence of spmal anesthesia it is reasonable 
to assume that at least a part of the fibers mediat- 
ing vasomotor impulses to the lower extremity is 
intact m its presence Of the vanous explana 
tions that might be offered for this situation none 
have suffiaent experimental evidence supportmg 
them to warrant their exposition 

In regard to the use of skm temperatures as a 
means of studying variations m blood flow, two 
observations ment attention We have measured 
the blood flow m many subjects with skm tem- 
peratures of 32 to 33° C , finding values of only 
2 cc. per 100 cc. per ramute. In other words a 
relatively small blood flow will sometimes m m n - 
a normal skm temperature Also 1 subject 
having a foot skm temperature of 35° C with a 
blood flow of 3 cc per 100 cc. per mmute showed 
a further nse of only 1° C (to 36° C ) when 
the blood flow increased to 100 cc. per 100 cc 
per minute following sciahc nerve block These 
observations suggest that skm temperature deter- 
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minations mirror the changes m blood flow up to 
a point beyond which the blood flow may increase 
greatly with but little further nse in skin tem- 
perature 

Our results with sacral diathermy do not sup- 
port those reported by de Takats (10) who based 
his evidence for an increase m blood flow through 
the foot upon skin temperature determmations 
Skin temperature studies are m this particular in- 
stance very untrustivorthy smce the body tem- 
perature is elevated (1® C or more) and also 
smce tlie blood flowmg to the skin of the leg may 
be warmed as it flows through the pelvis via the 
iliac artenes The actual decrease obtained m 2 
subjects may be due to dilatation of visceral vas- 
cular beds m the lower abdomen ivith a consequent 
shunting of blood into these areas 

SUMMARY AND CONCLUSIONS 

1 Despite many advantages of the Hewlett- 
Van Zwaluwenburg plethysmographic method for 
determming blood flow m the hmbs, this procedure 
— and even more its modification by subsequent 
workers — ^has a number of hidden faults which 
lead to inaccuraaes m the estimation of flow under 
different conditions Among these are the yield- 
ing diaphragm surrounding the limb and dosing 
the plethysmograph, displacement of fluid into the 
plethysmograph by inflation of the collecting cuff, 
and lack of sensitivity of the entire apparatus 

2 A boot plethysmograph is described which 
IS easy to apply and calibrate, the open end of 
which IS sealed around the leg without constnc- 
tion by the use of plaster of pans and Unna paste, 
and which is comfortable for prolonged penods 
of study The apparatus is connected to a Frank 
segment capsule giving the entire system frequen- 
aes up to 100 per second 

3 To obviate the artefacts incurred through 
displacement of fluid mto the plethysmograph by 
the inflated cuff, an arrangement of stopcocks is 
provided by which the collecting cuff is inflated 
while the plethysmograph and recording capsule 
remain open to the atmosphere, but exactly one 
second later it is automatically closed and the 
volume changes are recorded The nse of a full 
pulse beat startmg exactly 1 6 seconds after in- 
flation is used to measure the net flow per cycle 
From this the volume flow per minute per 100 cc 


of leg substance is calculated m the conventional 
manner 

4 The phasic arterial blood flow of the kg 
recorded m this way for normal subjects at rest 
m a warm room (28° to 30° C ), shows three 
distmct vanations dunng each cycle (J) a rapid 
systolic forward flow, (2) a slower smaller and 
vanable systohc backflow, (3) a slow forward 
flow dunng diastole The net artenal inflow de- 
pends not only on 1 plus 3 but also upon the 
amount subtracted by 2 All of these vary under 
different arcumstances Since only the amplitude 
(phase 1 above) of the pulse volume is recorded 
by plethysmographs or osallometers, these meth- 
ods give no quantitative estimate of changes in 
volume flow, and under some conditions they do 
not even show the correct directional changes 

5 The resting flow determined by our proce- 
dure remains constant within approximately 6 
per cent of the mean dunng repeated determina- 
tions withm an hour It vanes greatly in different 
mdividuals or in the same individual from day 
to day unless stnctly basal conditions are observed 

6 A study of vanous procedures suggested for 
promoting a maximal blood flow in the leg shows 
that direct application of heat and saatic nerve 
block are the most eificaaous Application of 
heat to both upper extremities (reflex heat) pro- 
duces an effect only about one-half as great We 
were unable to detect any m<;rease in blood flow 
following effective spmal anesthesia or sacral 
diathermy 

7 Other procedures which affect heart rate or 
blood pressure significantly influence blood flow 
m a vanable manner Amyl mtnte, for example, 
increases the amplitude of oscillations but often 
causes an actual decrease m volume flow 

We wish to thank Professor Carl J Wiggers for his 
very helpful critiasm and aid m preparing this manu- 
script We also wish to acknowledge the technical as- 
sistance of Mr William Zantiny, and to express our ap- 
preciation to Messrs B S Brown, M Fisher and D E. 
Kirkham, who served as subjects for the most exacting 
of the foregoing studies. 
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THE DETERMINATION OF THE GLOMERULAR FILTRATION BY 
THE ENDOGENOUS CREATININE CLEARANCE' 
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{Prom the Department 0 / Mediant of Utanbul UnwersUy Guraba Hatpttal Istanbul Turkey) 

(Rectiv^ ioT puWuraticm September 29 1939) 

Since Smith (S4) and hu collaborator (31) non Another reason for the difference between 
and Miller and Winkler (20) have shown that tlie results is that Fohn used the colorimeter 
exogenous creatinine is partially excreted by the which shows these shght differences of color only 
renal tubules m roan, Rehberg s method (28) for imperfectly while Popper found hu values by 
the deterramation of the glomerular filtration has the photometer 

to be questioned. The interest should have been Popper and Mandel (25) were the first to 
directed towards the determination of the endog- apply this method for the determination of glorn- 
cnous creatinine but the discussion as to whether crular filtration extensively Only comparatively 
creatuunc as such is normally present in plasma, few previous pubUcationa have appeared on the 
and the absence of an adequate method for the determination of the endogenous creatinine clear 
detenmnation of creatinine, delayed mvestigations ance (9, 12, 13 18) As Popper and Maudcl’s 
upon this subject values on the average, are below those of the 

The doubts as to whether plasma creatmme authors who employed crcatimne adroimstration 
exists or not were finally refuted by the work of they conclude that this method shows the real 
Miller and Dubos (19) who developed a specific filtrafaon They made some experiments with 
enzymatic method for the determination of crea phlomm and with xylose to prove that no secre- 
tinine. Th^ found that in normal individuals tion. of creatmme takes place m the tubules These 
creatmme constitutes 80 to 100 per cent of the few experiments, however do not prove much as 
chromc^cmc material m tungstic aad filtrates of the doses of phlonzm were far too small to 
plasma. In tungstic acid filtrates of plasma from mbibit an eventual secretion of creatmme On 
urenue patients there may be large amounts of the other hand the experiments with xylose are 
non-creatmme chromogemc material This method very doubtful since, according to Shannon and 
IS very important for scientific research but is Smith (33) the xylose clearance hes 25 per cent 
uufortunatdy not applicable m clinical practice below the glomerular filtration, so that a com- 
From another point of view Popper Mandel panson of the excretion of xylose and creatimnc 
and Meyer (26) developed a method for the can only be made if this fact is taken into con 
determination of creatuunc based on Jaffes pnn- sideratiom 

ciple which IS said to be perfectly specific and A method which employs endogenous creatuunc 
very sensitive. The normal values obtained in has the following advantages Without the apph 
plasma by this method are between 0,5 and 1 0 cation of the expensive creaUmne the detenvuna 
ragm, per cent, while those found by Fohns tion can be performed more easily and at con 
method (10) are 1 to 2 mgm per cent There siderably lower costs During the time of the 
13 reason to believe that this difference is caused test tlie level of the plasma creatuunc remains 
by the fact that the picnc aad Popper uses for constant and only one blood sample has to be 
the prcapitation of the protems prcapitates the Xhe level of creatimnc m plasma is very 

other chromogemc substances as well Ferro- constant and vanes only within narrow limits 
Luzzi (8) found that the values of plasma crea- Therefore it is very important for clinical pur- 
tminc obtained by Somogyi s (37) zme preapita- definitely whctlier Popper's simple 

non of the protems were below those obtained apphcable method allows an exact de 

by Folm and Wus (11) tungstic aad preapita temunaUon of the glomerular filtration. The 
^ oi thu. work WM g.v«r fa ti* obwrvauons ha* been to throw light 

Bulletin dc U Faculty de Midcnnc Istanbul (40) on this qucsUotL 
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THE DETERMINATION OF THE ENDOGENOUS CREA- 
TININE CLEARANCE BY POPPER AND 
MANDEL^S METHOD (25) 

1 Prelxmtmry remarks on the method 

The determination of the plasma creatimne is 
performed by a macromethod for which 4 cc 
oxalated plasma are used The protein is pre- 
apitated directly by picnc aad such as that em- 
ployed for Jaffa’s reaction, so that the dilution 
of the blood is kept within rather narrow hmits 
The companson of color after the alkalimzation 
is made m a photometer at as great a depth of 
layer as possible With this method it is possible 
to get exact double determinations even at very 
low concentrations of plasma creatimne In nor- 
mal persons the values are between 0 5 and 1 0 
mgm per cent Values between 1 0 and 115 
mgm per cent are dubious, those above 1 15 mgm 
per cent are certainly pathological 

After preservation for from 1 to 2 days m the re- 
frigerator the result does not change, whereas if kept m 
storage for a longer time, the content of creatimne de- 
creases by about 10 to 40 per cent The adchUon of as 
much as 400 mgm. per cent glucose has no influence on 
the level of creatimne, higher concentrations of glucose 
were not added Acetone and acetoacefac acid, however, 
mcrease the depth of color considerably and mtcrfere 
with the determination of creatimne* ^-hydroxybutync 
aad was not exammed* For this reason patients with 
acetonuna were excluded from the tests Some drugs 
seem also to produce the Jafife reaction, e g sahcylic aad 
given m great quantities A detailed examination of this 
point was not made* 

In order to avoid such interference and also 
the probable mfluence of ingestion of food, all 
tests are made m the morning on fastmg subjects 
To get control of regular diuresis it proved prac- 
tical to collect the unne m two separate hourly 
speamens m the manner which MoUer, McIn- 
tosh, and Van Slyke (21) recommended for the 
urea clearance If there is a great difference 
bet\veen the quantities of the specimens collected 
dunng the two measured penods of about the 
same length, the test is discontinued The unnes 
of the two penods, having been measured exactly 
and mixed, are analyzed and so is the blood sam- 
ple drawn after the first hour The analytical 
methods are bnefly descnbed at the end of this 
article 


2 Comparison between the endogenous creatimne 
clearance and the tnulin clearance 

The real answer to the question as to whether 
a substance fulfills the conditions for the deter- 
mination of glomerular filtration or not will re- 
sult from the comparison of the clearance of this 
substance with the muhn clearance Inulin alone 
appears to measure glomerular filtration in man 
as well as m all the animals exammed so far (14, 
29, 34) A companson of the endogenous crea- 
timne clearance with the mulin clearance has only 
been made in a few cases by Miller and Wmkler 
(20) with the rehable enzymatic method for tlie 
determination of creatimne They found that m 
most normal persons the clearance of endogenous 
creatimne equals the muliu clearance To deter- 
mme whether the results of Popper's simple 
method comaded with the inubn dearance we 
exammed 17 cases m forty-two separate penods 

According to Smith, Goldnng and Chasis (36) and 
Miller and Winkler (20) the mulm was mtroduced by 
intravenous infusion m order to obtam a constant plasma 
level The collection of urme by an inlying catheter, 
washing the bladder with sterile salme and limiting the 
penods, is done as descnbed by Smith, Gkildnng, and 
Chasis (36) 

For the repeated drawing of the blood an Ainit need/e 
was employed according to Ottenstem (22) After one 
puncture blood may be drawn as often as necessary dur- 
ing the whole period. The production of pure mulm was 
very difiicult at first. The first samples of a preparation 
of Merck were very well tolerated, but another prepara- 
tion of the same ongm caused a serious febrile reaction. 
After repeated recrystallization from hot water and treat- 
ment with charcoal we succeeded m getting a preparation 
which caused a slight febrile reaction only in half of the 
cases. Smee the filtration 43 alv^ays made through a 
Satz E. K. filter (35), the^mulm is always tolerated 
without any reaction. Ths^ solutions for the infusion arc 
freshly prepared with^Q/9 per cent NaQ m double dis- 
tilled water and ar<*^ boiled once more for a mmute after 
the filtration thror^gh the sterile Seitz filter With a new 
colonmetric metb for the determination descnbed by 
one of the auth q^s (38), which still exactly mdicatcs 
values of 5 mgm^ per cent, it is possible to reduce the 
quantities of to the fifth part of those given by 

other authors \ 

Dunng the first i\o mmutes we infuse 60 cc. of 5 per 
cent mulm solution, Vheu 4 cc. of 1 per mulm per 
mmute continuously to\ the end. The rate of the infusion 
IS regulated by a unifon^y compressmg tunnel damp of 
8 cm. m length. The qu.anbty is measured by a burette 
communicatmg with the iWusion flask. As the infusion 
flask IS dosed by a cock, thU emptying time of the burette 
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TABLE I 

Vaia on patteni Sbzn 


Period 

Urine 

flow 

Fleuna Imi 

Ckixuce ' 

Clearance ratio 

Tntillti 

CrcmtinliM 

Ure* 

InoUa 

Cna^nhui 

Urea 

Cr/I 

m 


cf, ptr minuU 

M/w per u*t 

mtm. per cent 

meet, per ceni 

per miMuSe 

(C, Per minmi* j 

ce per mivule 



I 




343 


836 




II 


26.1 

134 

333 


84 4 1 




HI 

27 

26 1 

134 

333 

90 1 

927 1 


1.03 

036 

IV j 

2 11 

25.8 1 

134 

333 

744 

78 8 

42 2 

1J36 

031 

V i 

2 78 

25.8 1 

134 

333 

888 

91 7 

46 0 

103 

031 


IS meaiured with 2 itop watch. Twentj mimitci after 
the begimucg of the infuuon of the 1 per cent solution, 

the plasma multn has reached a constant value of 25 to 

35 rnguL per cent At this moment the first period 

begms The unne and blood sample* are drawn as de 
scribed. A typical example of such an experiment a 
shown m Table L 

The results of the first 11 cases (Table II) 
show that the endogenous creatnnne dearance 

corresponds very well to the mulin dearance 


TABLE n 

Inultn and tndo^enous creaUmne dsarances s» normal 
subjects and »» patients vtUX siiikUy dtmtmsJied 

renal funcUon 






Clearance 

Oar 




Urine 

flow 




ber 


Dlaxnoala 

lanlln 

Cn»t 

tolna 

ratio 

Cr/I 




temper 

cc. per 

cc. per 





wtbtMie 

miMuU 

mi»MU 


1 

St. 

Noniud 

348 

124 

116 7 

094 

2 

Htt. 

Normal 

130 

139 

159 

1 14 

3 

H Y 

Normal 

0 75 

1073 

1083 

1 00 




035 

112 6 

105 

033 

4 

Ep 

Normal 

54^ 

116 

123 

1 06 



435 

116 8 

117 6 

100 




239 

130 

149 

1 IS 

5 

Sh S, 

Bronchial 

22 

138.6 

139 

liW 



aitbma 

33 

151 

159 

105 




3 75 

144 6 

1593 

1 10 

6 

Sbm 

Hypertcnaion 

27 , 

90 1 

92 7 

133 



2 11 

74 4 

78 8 

1 06 




2 78 

883 

91 7 

1 03 

7 

Ab 

Pulmonary 

i 25 

1653 

1723 

104 



ab«cea* 

1 0 

160 

1723 

1 1 08 




1 0 

159 

157 

, 099 

8 

A1 

Hypertension 

532 

71 

793 

1 1 



6.92 

793 

84 

135 




1035 

96 

98 

1 102 

9 

0 *. 

Rheomatum 

34 

96,6 

1113 

1 1 15 



normal 

73 

113 

132 8 

1 III 

10 

Y y 


30 

1293 

993 

1 0 77 



2 16 

lOS 

837 

080 


1 


131 

923 

76 4 

033 

11 

ICA. 

Hypertcnalon 

73 

43 

116 

106 

85 

853 

0 73 

1 030 




50 

108 

95 

038 


Average — IXU 


TABLE m 

Inultn and creatintne clearancss tn sul^ects wtih 
^mtrulanepknhs 


Nam 

ber 

Sab* 

Jort 

TUiaiKwIe 

Urine 

flow 

Clearanco 







temper 

cc. per 

cc. per 





wUnsle 

mUtUe 

mhiuie 


1 

Ke. 

Chronic 


5 1 

S3 

1 67 



nephriut 

0 95 

56 

84 

130 




037 

49 

79 

1 61 

2 

Shab 

Nephrosii 

039 

853 

114 

133 




0 75 

806 

106 

132 




138 

673 

95 6 

142 

3 

Shax. 

Chronic 

132 

4.9 

56 

1 14 


1 

nephntu 





4 1 

Must ' 

Acute 

3 70 

1213 

126 

104 


1 

nephntis 

3 72 

1183 

1263 

107 

5 

Rt 1 

Chronic 






1 

nephritit 

132 

37 

S3 

1 44 

1 

1 


0 75 


3 45 

1 73 




1 12 

BEl 

3 75 

133 

6 

It. 

Acute 

2 91 

473 

61 1 

139 



nephn tl* 

i 330 

534 

1 67 8 

137 




1 30 

444 

1 633 

143 


within the Inruts of error of the dearance deter- 
minations On the average the creatmine/inulm 
ratio of the twenty seven separate penods is 1 03 
This result justifies the opmion that the endog- 
enous creatuune dearance, performed after Pop- 
per^s method exactly indicates the filtration, rate 
in normal persons or m patients with slightly 
diminished renal function (Cases 6 and 8) 

So far, we have compared the excretpn of 
these substances m onlv €u as m the dog that 
diseases fTable, XIT 15 per cent of urea is rc- 
chromoi at txtremely low concentrations of the 
neph and the urea dearance approaches the fil- 
cr^on rate. But as soon as the unne/plasma 
ttbo of inulm has nsen to 10, 35 to 40 per cent 
of the urea IS reabsorbed The reabsorbed share 
of the urea, however increases much more slowly 
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With increasing concentration of the unne There- 
fore, m the range of the concentration ratio be- 
tween 10 and 200, the urea reabsorpbon slowly 
increases from 40 to 70 per cent So it seems 
that m this range other mechanisms influence 
urea absorption than those active at extreme dilu- 
tions 

Tiying to explain this fact Smith (34) intro- 
duced the hypothesis of at least a double-sided 
water and urea reabsorption During the ^"ob- 
hgatory isoosmotic water reabsorpbon ” up to 40 
per cent of the urea is reabsorbed m the proximal 
segment of the tubule, while the urea absorpbon 
exceeding 40 per cent occurs m the distal tubule, 
together with the “ facultabve water reabsorp- 
bon ” 

For purely diagnosbc purposes and ignorant of 
these opimons, we compared the clearances of 
urea and endogenous creatimne mill cases The 
results are arranged according to the concentra- 
bon of the unne, expressed by the creatinine 
U/P rabo, in Table V It is evident that each 


TABLE V 

Crealinxm UtP ratio and urea reabsorption (iii cases) 


Creatiiilae | 
U/P ratio 

Number of 1 

cases 

Filtration ' 

rate 

Urea 

reabsorption 

2- 10 

i 8 

cc per Ttttnule 

16-7 

per ctni 

29 

10- 20 

1 

11 -103 

32 

20- 40 

14 

25 -128 

47 

40- 60 

19 

21 -145 

55 

60- 80 

11 i 

38 -163 , 

57 

80-100 

9 i 

70 -140 I 

62 

100-120 

13 

46 -166 

52 

120-140 

5 ! 

68 -128 

66 

140-160 

7 1 

55 -142 

62 

160-180 

4 1 

55 -163 

54 

180-200 

4 

17 -160 

69 

200-340 1 

6 

87 -142 

\ 

75 


column, except the first one, includes normal and 
pathological filtration values The results agree 
very well with those of Chasis and Smith (5) 
In the extremely low concentration of pathologi- 
cal cases the urea reabsorption is on the average 
29 per cent, in particular cases it is even as low 
as 10 per cent When the diuresis of normal 
kidneys is great (column 2 and 3), the reabsorp- 
tion amounts to about 40 per cent With mcreas- 
ing concentration the reabsorption slowly in- 
creases imtil, at a creatmme U/P ratio of 40 to 
180, It attains an average value of 57 per cent 


In high concentrations of more than 200, an 
average of 75 per cent of urea is absorbed, m 
particular cases even as high as 82 per cent The 
conformity of these values ^v^th those of Chasis 
and Smith (5) can be considered as a further 
indirect proof of the fact that the endogenous 
creatinine clearance of Popper must approach the 
glomerular filtration 

As mentioned above, the results are to a certain 
extent contradictory to the idea of maximum and 
standard clearance, t e , si extremely low concen- 
trations of urme In climcal practice the glomeru- 
lar filtration agrees rather well with the urea clear- 
ance, expressed as percentage of the normal value 

The results of the three compansons are as 
follows 

1 The comparatively high conformity between 
the clearances of mulm and creatinine supports 
the hypothesis that the endogenous creatinine 
clearance expresses the filtration rate (Tables I 
and II) The obviously higher concentration of 
creatimne in some cases (Table III), however, 
IS not m accordance with Shannon's laws of se- 
cretion in the tubules Therefore, the problem of 
secretion of creatimne cannot yet be considered 
as defimtely solved 

2 The fact that creatmme orally administered 
IS more concentrated than endogenous creatinine 
renders the sole filtration of endogenous crea- 
timne very probable (Table IV) 

3 The conformity of the values for urea re- 
absorption with those found by Chasis and Smith 
further confirms the correctness of the determina- 
tion of the filtration rate by endogenous crea- 
timne. 

These results do not prove with absolute evi- 
dence that the endogenous creatimne clearance 
and the filtration rate agree perfectly in all cases 
For all chnical purposes, however, this evidence 
IS suffiaent and the determination of the filtration 
by the endogenous creatimne clearance is much 
easier and more convenient than by any other 
method 

the diagnostic value of plasma creatinine 

AND ENDOGENOUS CREATININE CLEARANCE 

In all the cases m which the size of the filtering 
surface of the kidney is reduced, be it as a con- 
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sequence of inflammation, by sclerosis or by any 
other kind of reduction of the vascular cahber 
the filtration rate will be reduced. So the filtra 
tion rate is a dear measure of the part of the 
kidney still m function It is evident that the 
quantitative determination of the part of the 
kidnqr still functioning must be considered as the 
essential measurement of renal function. All 
other examinations of partial function must be 
of secondary importance. One must take mto 
consideration of course* the possibdi^ that Mime 
extrarenal factors may cause a temporary de- 
crease of filtratioTL For instance, m cardiac de 
compensation the filtration may decrease to 20 
cc., and a sudden loss of blood or a shock may 
depress the filtration almost to rero Also m 
vanous conditions accompamed by hypochloremic 


azotemia, caused by extrarenal factors and m 
certain cases of acute mfection and jaundice, tem 
porary reduebons of filtration rate may often be 
found Back pressure, caused by vanous urologi- 
cal conditions may also considerably reduce the 
filtration. All these conditions must be kept m 
rrund when a reduced filtration rate is to be inter 
preted. Nor must it be forgotten that a normal 
filtration rate need not exclude pathological 
changes in the kidney 

I Comparison behvten the e^idogenoiis creatimnc 
clearance and the plasma creatinine 
What arc the laws for the excretion of an 
endogenous substance which is always supphed 
at a constant rate, and therefore shows a constant 
plasma level and which is only filtered but neither 
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reabsorbed nor secreted^ Suppose that m a unit 
of tune 100 cc of glomerular filtrate are formed 
at a plasma level of 1 mgm per cent and 1 mgm 
of the substance is excreted If, the substance 
being supphed at a constant rate, the filtration 
decreases to 50 cc , thq plasma or filtrate concen- 
tration must increase to 2 mgm per cent so that 
the excreted quantity remains the same That 
means that the product of the plasma concentra- 
tion and the filtration rate must be a constant 
value If we could find out that this simple 
relation is valid for an endogenous substance, we 
shall have proved that this substance has been 
only excreted by filtration and neither reabsorbed 
nor secreted Moreover, with the aid of this 
constant value we should be able to deduce the 
filtration rate only from the plasma value of this 
substance 

We have made an attempt to prove this relation 
for the endogenous creatinine by 160 determina- 
tions (Figure 1) Only adults of medium body 
surface have been examined The average prod- 
uct of plasma creatinine and filtration rate has 
been found to be 86, xe , \i the plasma contains 
1 mgm per cent creatimne, an average of 86 cc 
of glomerular filtrate is formed The average 
value of this product shows suffiaent uniformity 
for different values of plasma creatinine (Table 
VI) For higher creatimne values (more than 

TABLE VI 

Product of plasma creatimne and filtration rate 


Plasma Number of Avtrafic 

creatinine detennlnationa product 

mtm ptr cent 

0 4- 10 60 89 8 

10- 1 5 46 89 7 

1 5- 2 0 27 85 0 

2 0- 30 11 81 4 

30- 4 0 3 84 2 

40- 50 5 83 7 

5 0- 60 3 93 3 

6 0-15 0 9 50 


6 mgm per cent) we obtained a lower average 
value m the 9 cases examined For the moment 
we cannot draw theoretical conclusions from this 
small number of cases Table VII demonstrates 
the distribution of the values of the product of 
plasma creatinme and creatinme clearance It is 
evident that the product hes between 60 and 120 
m 74 per cent of the 160 cases ^ 

A senous objection to this conclusion has-been 


TABLE vn 


Dislnbution of the product 


Product 

Percentage of 
determinationa 

Product 

Percentage of 
deterrainatlons 

30-40 

24 

90-100 

18 1 

40-50 

62 

100-110 

10 0 

50-60 

69 

110-120 

62 

60-70 : 

13 8 

120-130 

25 

70-80 : 

14 4 

130-140 

3 1 

8(M/0 

11 5 

140-150 

3 1 


1 

150-160 

1 18 


made by Van Slyke (42) The rate of creatimne 
formation per square meter of body surface is 
not the same m all subjects Prolonged illness, 
with loss of muscular abibty, and some other 
uncontrollable circumstances may reduce the crea- 
tmine output to less than one-half of the normal 
amount Therefore, it is impossible to deduce 
the filtration rate from the plasma creatimne m 
every case In the recent reviews on the excre- 
tion of creatimne (1, 41), no data concerning the 
reduction of the excretion of preformed creatimne 
are given We therefore examined another senes 
of 74 cases and found that m the majonty of 
these the creatinine formation was comparatively 
constant In 12 of 74 cases, i ^ , in 16 per cent, 
the formation was reduced one-half to three- 
fourths, in perfect accordance mth the rates 
summarized m Table VII These cases include 
cachexias, women with diabetes after a long fast- 
ing penod, a woman with hypertension, and pa- 
tients with kidney diseases m bad condition 

For the present, disregarding the fact that in 
16 per cent of the cases the creatinme formation 
IS reduced, we may conclude from the other cases 
that the endogenous creatinme is only excreted 
by filtration, as plasma creatimne and filtration 
rate are inversely proportional The quantity of 
filtered and excreted creatmme remmy^ constant 
withm certam limits, independent of tV plasma 
level This fact is very important foi\ clinical 
diagnosis 

As shown m Figure 1, at a reductior, of the 
filtration rate below 80 cc the plasma creatinme 
IS forced to mcrease to pathological values This 
retention occurs at first in creatmme wnch in 
normal persons shows a very constant levef^ and 
which of all the components of the blood ha5 the 
greatest U/P ratio Filtration rate multiplier) by 
plasma creatmme equals 86, 86 di 
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plasma creatinme gives the filtration rate cor- 
rected for the normal body surface (1 73 sqjn.) 
So it 13 possible, with an accuracy suffiacut for 
chmeal purposes, to determine the rate of the 
glomerular filtration by the determination of one 
constituent of the blood and to obtain results 
which mdude the correction for the body surface, 
Holten and Rehbcrg (15) would have employed 
the endogenous creatimne for the determination 
of the filtration rate had they known an exact 
method for the determination of creatinine. 

We estimate the filtration rate by deduction 
from the plasma creatinine chiefly m outside pa 
ticnts m whom the determination of the clearances 
would be difficult. In the hospital we continue 
estimatmg the creatimne clearance. After form 
mg an opimon about the rate of creatinine forma- 
bon m a pabent by means of several preliminary 
tests and putting the obtamed product mto the 
calculation, it is possible to deduce the filtration 
rate for montlis solely from the plasma creatinine 
level 

2 Plasma creatimne and urea 

If the renal function, as measured by the urea 
clearance, has already decreased to 20 to 40 per 
cent of normal, the blood urea is still within the 
normal range of 50 mgm, per cent in more than 
half of the cases These results demonstrate the 
uncertamty of the diagnostic value of normal 
blood urea contents m kidney diseases In Figure 
2 the relation of blood urea to creatinine is repre- 
sented m 171 cases In a great number of cases 
m which the urea content is found within the 
normal range of 50 mgm per cent, we can ob- 
serve a distinct increase of plasma crea tinin e 
often to twice the normal value or more. As 
the two hnes hniiting the area mdicate, no fixed 
relation exists between urea and creatimne. The 
content of urea m blood is greatly influenced by 
cxtrarcnal factors The level of creatimne m 
blood however, can indicate a considerable re- 
duction of the filtration rate at a still normal urea 
value Even Popper Mandel, and Meyer s 
method (27) for the rapid estimation of renal 
dcfiaency, which is a quahtative detenmnation of 
creatimne m blood perfonnable withm 3 minutes 
at the bedside, often mdicatcs pathological result* 
when the urea level of the blood is still normal 
Popper and Brod (24) emphasize the superiority 


of the simple determination of creatimne m 
plasma over the determination of the filtration. 
Physiological fluctuations of the filtration are of 
no importance m the estimation of the results 

It must be mentioned once more that the quan 
titative results represented here have only been 
found -with Popper s method (26) The msuf- 
fiacncy of the ongmal method must be the reason 
for the lack of conformity between the early 
mvestigators on the diagnostic value of plasma 
creatinme, and especially on the sequence of the 
retention of urea non protein mtrogen unc and 
creatinme and mdican (See discussion by Peters 
and Van Slyke (23)) 

3 Filtration and urea clearance 

As already quoted above filtration and urea 
clearance were compared in many cases. The 
findmgs of previous mvestigators (3 13) have 
shown that in kidn^ diseases the decrease of 
the urea clearance expressed as percentage of 
normal was roughly parallel to that of the filtra 
tion This 13 true chiefly for the field between 
10 and 50 per cent of urea clearance, where both 
values nearly comade. 

In uremia with a filtration of less than 10 cc,, 
the value of the urea clearance is sometimes a 
httle higher But that is of no practical impor- 
tance, As has been stated this fact is to be 
explamed by the extremely low capaaty of con- 
centration of these kidneys and by the reduced 
reabsorption combmed with it 

We can often observe a divergence of urea 
clearance and filtration at a urea clearance of 
more than 70 per cent of normal The filtration 
rate is normal but often not higher than the 
percentage of the urea clearance. 

As a livhole, we must state that the detenmna 
tion of the filtration rate by means of the endog- 
enous creatimne and the urea clearance are of 
the same diagnostic value, Smee the determma- 
tion of plasma creatinme alone allows one to 
estimate the rate of the filtration, this simple 
method is suffiaent for the diagnosis of the still 
functioning part of the kidneys The only dis- 
advantage of this method is the fact that 4 cc, 
plasma te , 10 cc, blood arc needed whereas an 
exact determination of urea can be made with 
0,2 cc. blood 
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The simple determination of plasma creatinine 
13 a further step in the simphfication of the diag- 
nosis of renal function. It can m practice re 
place all determinations of glomerular function 
such as those of non protem nitrogen, urea urea 
clearance, the test of orally administered urea tlic 
admmistrabon of other substances rind clearance 
determinations with other substances 

We call attention to the fact that the unne of 
urological patients wth an inlying catheter is 
often decomposed by bacterial action m the blad 
dcr and therefore the determination of urea in 
urme results m values which are too low and 
which give the illusion of too low urea clearances 
and of a more than normal urea reabsorption. 
In the cases of some of these patients we were 
of the erroneous opinion that we had to deal with 
an extreme urea reabsorption In such cases only 
the crcatinme clearance gives the nght result 

4 Coinpensaiton aiid reabsorptxon ureviia 

Before we finish the discussion about the ex- 
cretion of crcatmme and urea we still have to 
deal with the ideas of “ compensation ' and * re 
absorption uremia ^ Compensation means that 
at a slightly reduced filtration together with on 
increased plasma creatinine, the retention of urea 
can be compensated by an actively reduced re- 
absorption, Thus a moderate reduction of filtra- 
tion would not necessarily influence the actual 
urea excretion. In our patients we never ob- 
served this but, on the contrary, sometimes found 
a normal filtration rate and a shghtly reduced 
urea clearance, i 

The term “ reabsorption uremia ” was used for 
the first time by Ferro-Luzzi (7) and was em 
ployed in a larger sense by Popper and Mandel 
(25) Yamaguchi (43) defines ^e action of the 
tubules not as active reabsorption but as a selective 
inhibition of the complete reabsorption This 
faculty of selective inhibition of the reabsorption 
IS supposed to be upset m acnous defiaenacs of 
the tubuh, so that creatinine and urea pass back 
mto the blood in increased quantity Contrary to 
Popper we behevc that it is impossible to apply 
to cases typical of the course of glomeruloncphn- 
tis these very interesting impressions which have 
been denved from expenraents with toads We 
arc of the same opimon as Chasis and Smith (5) 


who, by companson of urea and mulm clearance, 
came to the conclusion that the idea of reabsorp- 
bon urenua does not conform to the facts The 
diflfusion coefliaent of urea is seven times greater 
than that of muhn (4) Tlie normal walls of the 
tubules are unpcrmeable to mulin and only a httle 
penncable to urea If we suppose that the per- 
mcabihty increases we ought to conclude that 
urea passes earher and more rapidly than mulm, 
which means that the reabsorbed quanbty of urea 
ought to increase. But the contrary is true. With 
dccreasmg capacity of concentrabon of the kidneys 
the reabsorbed quanbty of urea decreases, as 
Chasis and Smith (5) and ourselves were able to 
demonstrate. This fact indicates a reduced and 
not an mereased urea reabsorpbon Until a final 
proof has been estabhshed the term * reabsorp- 
bon uremia — which would be suitable for the 
explanabon of some facts otherwise still unex- 
plainable — ought to be abandoned and any reten- 
bon m cases typical of the course of glomerulo- 
nephnbs should be explamed only by reduebon 
of the filtering surface. 

In some other condibons however an excep- 
bonal behavior must be admitted In the cases 
designated by McCance and Widdowson (17) as 
fimcbonal disorganirabon of the kidney, a tern 
porary decrease of the filtiabon rate occurs by 
decrease of the blood pressure or by other extra- 
renal influences In absence of any constant 
anatomical alterabon these condibons arc char- 
acterized by the funcbonal mtegnty of the re 
absorbmg parts of the nephrons In diabcbc 
coma, severe salt dcfiaency (16) uncompensated 
alkalosis dehydrabon, and certain other condi- 
bons the glomerular filtrabon decreases but the 
reabsorpbon on the part of the tubules is unre 
strained. The rise m blood urea may be ac- 
counted for by an addibonal urea reabsorpbon. 
Observabons on chlondc reabsorpbon may be 
explained m the same manner 

McCance and Widdowson (17) observed in 
diabcbc coma an abnormal fall of the crcatinme/ 
muhn clearance rabo, but were not able to explam 
this fact by the existence of a rcabsorpbvc mech 
The observabon of the low crcabnmc/ 
mulm rabo may be erroneous by an analybeal 
reason The values of plasma crea bnm e given 
by McCance and Widdowson (17) are perhaps 
too high, as m diabcbc coma great amounts of 
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acetoaceUc acid and acetone are present in plasma 
To demonstrate this assumption we selected pe- 
nod 1, paUent 1, Table III from McCance and 
Widdowson (17) The mulm U/P ratio is 38, 
the creatinine U/P ratio 18 6 at a plasma crea- 
tinine level of 25 8 mgm per cent If the crea- 
tinme U/P ratio were also 38, the plasma 
creatinine would be 12 6 mgm per cent Regard- 
ing the great quantity of ketone bodies present 
m plasma dunng diabetic coma, we can suppose 
that the difference between the creatinine value 
found and the creatinme value deduced is in fact 
caused by ketone bodies 

METHODS 

1 Detenmnation of creatinine m plasma and urme accord- 
ing to Popper, Mandel, and Meyer (26) 

In a test tube 4 ca oxalated plasma are mtroduced 
with an Ostwald pipette into 12 cc saturated picric acid, 
previously purified according to Benedict (2) and mixed 
by shaking vigorously The mixture is immersed m boil- 
ing water for 15 seconds The precipitate, after cooling, 
IS resuspended by shaking and is filtered To 10 cc. of 
the filtrate 0 5 cc 10 per cent NaOH are added and 
mixed The photometric reading is made after 20 mm- 
utes with a filter of 530 vag, and a depth of layer of 60 mm. 
As the mixture often tends to become slightly turbid, it 
IS filtered once more 5 nunutes before the readmg A 
blank analysis with 4 cc, water instead of plasma is 
treated m the same way and used for the compensation 
m the photometer As the Beer-Lambert law is not 
strictly applicable, it is necessary to make an exact com- 
parison curve. In concentrations of more than 4 to 5 
mgm, per cent it is necessary to dilute the plasma twice, 
four, or even ten times 

The unne is diluted accordmgly, usually fifty times 
and 4 cc of the dilution are added to 12 cc 'of the picnc 
acid solution Twenty mmutes after the addition and 
mixmg of 03 cc 10 per cent NaOH, it is read m the 
photometer If the urme 'contains albumin, it is filtered 
5 mmutes before readmg Absolutely clccUi tubes and 
pipettes are necessary to get reliable results, 

2 Determination of inuhu according to St emits {38) 

After the desalbummation of 1 cc oxalated plasma 
with zme sulfate and sodium hydroxide, according to 
Somogyi (37), the quantitative Sehvanoff reaction, modi- 
fied by Roe (30), is performed. The principle of the 
method consists of the colorimetric determination of the 
levulose formed from the mulm dunng aad hydrolysis 
The aad hydrolysis and the colonmetnc reaction are 
performed simultaneously 

3 Microdetenmnation of urea according to Conzvay (6) 

The prmaple and the technic of this method are de- 
scribed m another paper (39) 


SUMMARY 

Since the tubular secretion of exogenous crea- 
tinme has been demonstrated, the determination 
of the glomerular filtration by the administration 
of exogenous creatimne has become problematic 
Since that time rehable methods for the deter- 
mination of endogenous creatinine have been 
developed 

After a short discussion of Popper*s method 
for the determination of creatinine, the results of 
3 senes of expenments, performed to show the 
suitability of this method for the determination 
of the glomerular filtration, are reported 

1 Companson between the endogenous crea- 
tinine clearance and the inuhn clearance 

2 Companson between the endogenous crea- 
tinme clearance and the exogenous creatimne 
clearance 

3 Companson between the endogenous crea- 
tinme clearance and the urea clearance 

The results seem to prove that with Popper's 
method the glomerular filtration can be deter- 
tnmed much more easily by the endogenous crea- 
tinme clearance than with any other method 

The detenmnation of plasma creatimne is of 
high diagnostic value because it makes possible 
the estimation of the glomerular filtration rate 
by one simple blood analysis This simple method 
can therefore replace any other test of glomerular 
function It IS a further step m simplifying the 
diagnosis of renal function 

The conception of reabsorption uremia is dis- 
cussed, but cannot be maintained for the explana- 
tion of the retention of urea in cases of glomerulo- 
nephntis, except for the cases of functional dis- 
organization of the kidney 

We are much mdebted to Professor E Frank who ^ 
couraged these mvestigations and to Dr L, Shepard of 
the American Hospital, Istanbul, for critically reviewing 
the manuscript. Most of the mulm tests were perfonned 
with the aid of Dr Mehmet Dedeoglu, 
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The application of the filtration reabsorption 
theory to the explanation of glucose excretion 
has been of great importance for our knowledge 
of the factors involved m this process In normal 
and pathologic conditions the quantity of glucose 
excreted is dependent only on three factors the 
level of the capillary blood sugar, the filtration 
rate and the glucose threshold 
We may assume that the glucose level of the 
glomerular filtrate is the same as that of the ar- 
terial plasma* The quantity of the filtered glucose 
IS determined by two factors the level of the 
arterial blood sugar and the quantity of the fil 
tration rate Under normal arcumstauces the 
glucose 15 almost completely reabsorbed by the 
tubules* In a umt of time only a constant maxi- 
mal quantity of glucose can be transported by the 
tubular cells, aa Shannon and Fisher (14) demon 
strated for the normal dog, Govaerts and Muller 
(3) for the diabetic dog Under normal condi- 


tions this reabsorbing capacity of the tubules is 
not fully utilized and the excretion of glucose is 
almost zero When the blood sugar and m con 
sequence the filtered quantity of glucose has been 
increased or has just nseu to the full utihration 
of the reabsorbing capaaty the blood sugar has 
reached the threshold* The quantity of the maxi- 
mal reabsorbed glucose therefore depends on two 
factors the level of the threshold and the quan- 
tity of the filtratioa rate* 

If the blood sugar rises above this threshold, 
the maxunal capacity of reabsorption is surpassed 
and the glucose appears in the unne* Glucose 
filtered — glucose reabsorbed == glucose excreted 
This excess glucose which has not undergone 
reabsorption is now concentrated at the same 
rate as other substances which are neither reab- 
sorbed nor secreted from the tubules, such as 
muhn or endogenous creatinine* One can express 
this relationship by the following equation (2) 


(I) 

or 


creatinine excreted mgm* per minute glucose excreted mgm* per mmute 

plasma creatinine, mgm* per cent (blood sugar — threshold), mgm per cent 


(2) glucose threshold = blood sugar 


urine sugar mgm* per cent X plasma creatinine mgm per cent 
creatinine in urmc mgm per cent 


So far the threshold m man has been deter- 
mmed by oral administration of glucose* The 
blood sugar is tested at close intervals and the 
appearance of sugar is noted in the urme. The 
disadvantage of this procedure lies in the fact 
that the nse of the blood sugar curve may be 
very rapid, and the peak very brief Most of 
the authors have observed a high ascending and a 
low descending threshold* In this article we will 
not discuss whether this difference really exists 
or whether it is due only to the expcninental con 
ditiona (cf Govaerts and Muller (2) Peters and 
Van Slyke (9) Palta (1)) Moreover, it is only 
possible to provoke glycosuria by oral adminis 
tration in a certain percentage of subjects (16) 
To avoid these difficulties, we tried to fix the 


threshold by another method that is as already 
stated by the determination of that part of the 
blood sugar which is treated like a substance that 
has neither been reabsorbed nor secreted To 
render this possible, the existence of a frank 
glycosuria is mdispcnsable* When glycosuria was 
absent it was produced by mtravenous mfusion 
of glucose m order to obtain a constant plasma 
level of glucose* For the following reasons it is 
impossible to compare the results of this method 
with the aforesaid oral administration method 
without certain cousidcratiotis 
From their experiments with dogs Shannon 
and Fisher (14) have reached an cquahon ac- 
cording to which It is to be expected that sinall 
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concentrations of glucose will appear m the unne 
at normal plasma glucose levels, that there will 
be a httle mcrease m the rate of excretion as the 
plasma level rises imtil the maximal rate of re- 
absorption is approached, and that the maximal 
rate of reabsorption will thereafter be rapidly 
attamed ” Govaerts and Muller (2, 3) ob tamed 
exactly the same results They called that level 
of blood sugar at which the first traces of glucose 
appear “ semi d’appantion,"' accordmg to the defi- 
mbon of C Bernard, whereas they called the 
higher level of blood sugar, above which there 
exists a direct proportionality between “ supra- 
hmitary ” blood sugar and the amount of glucose 
excreted, the seuil maximum 

With our method we have not detenmned the 
threshold of appearance, but the maximum thresh- 
old It IS rather probable, however, that these 
two thresholds are not very different from each 
other Experiments m dogs show that a small 
but significant amount of glucose first appears m 
the urine when the plasma concentration is 10 to 
20 mgm per cent below the level at which the 
maxtmal rate of reabsorption is reached ” One 
of our experiments seems to demonstrate that 
this difference is not greater m man, and that 
between the level of the threshold of appearance 
and that of the maximum threshold only very 
small amounts of glucose are excreted These 
amounts are not important for the excretion rate 
of glucose m diabetic patients 

METHODS 

In patients with a spontaneous glycosuria teduuc A 
was employed Unne and blood were collected as de- 
scnbed by MoUer, McIntosh and Van Slyke (6) for the 
urea clearance. At the beginning, m the middle, and at 
the end of the test, the capillary blood sugar was deter- 
mined by the method of Hagedom and Jensen. The re- 
sults of these determinations must not differ very much 
from each other The sugar m unne was determmed by 
polanscopic examination after previous preapitation with 
lead acetate. The creatmme in blood plasma and unne 
was determmed by the method of Popper and Mandel 
(10) Patients with acetonuna were excluded from the 
test, as the values of creatmme m plasma and unne in- 
crease considerably m the presence of acetone. An at- 
tempt was made to remove the acetoacetic aad and the 
acetone by boiling the picnc aad filtrate, but the results 
were not satisfactory smce, m spite of the removal of 
acetone, the chromogemc substance mcreased slightly, 
even dunng a short boiling period. 


Glucose was mtroduced m patients without glycosuria 
by an mtravenous infusion, and the penod was started if 
a frank glycosuria was present (technic B) In some 
cases the mulm clearance was determmed simultaneously 
(techmc C) The collection of unne and blood, the 
techmc of infusion and the analytical methods were the 
same as described m the previous paper (15) The 
amount of glucose necessary to produce a glycosuria \vas 
approximately the same as described by Sansum and 
Woodyatt (13) Glucose was given as a 20 per cent 
solution at a rate of 5 cc. per mmute. After 25 to 30 
mmutes glucose appeared m the urme, and the first penod 
began. 

Increased plasma glucose gives a famt color reaction 
with the modified Selivanoff’s reagent (11) Accordmg 
to the mcrease of blood glucose dunng the experiment, 
glucose was added to the fastmg blood filtrate m order 
to compensate for this color The value of extinction of 
this blank analysis was subtracted from the other values 
Glucose m blood and unne was determmed as already 
descnbecL Only m experiments with mulm was the sugar 
m unne determmed by the reduction of titrated Benedict’s 
reagent 

Nonncd subjects 

Table I shows the results m 4 normal subjects 
The maximum threshold m these subjects hes 
between 200 and 280 mgm per cent In Case 4 
we tned to determine the difference between the 
threshold of appearance and the maximum thresh- 
old After a pruning mfusion of 10 per cent 
glucose with 5 per cent mulm, a second mfusion 
of 10 per cent glucose with 1 per cent muhn was 
given at a rate of 5 cc per mmute until the blood 
sugar remained constant between 173 and 179 
mgm per cent At the same time the filtration 
rate was determined Then a third infusion of 
20 per cent glucose with 1 per cent mulm was 
given at the same rate The first glucose could 
be found m the unne at a blood sugar level be- 
tween 194 and 209 mgm per cent At a blood 
sugar level of 220 mgm per cent the same value 
for the threshold was found Unfortunately, the 
patient was not able to bear the infusion any 
longer but it seems probable that the threshold 
would not have mcreased much at higher blood 
sugar levels 

Diabetes renalis 

We were recently able to examme 4 cases of 
true renal glycosuna. As these cases are rela- 
tively rare, a short report will be of mterest 
The results of these cases are given m Table II 



CONDITIONS OF GLUCOSE EXCRETION 


301 


TAnr.tr I 

Normal rubjiUs 


Tecbfilc 

Sobitci 

AfQ 

Urina 

flow 

Crctllnlo* 
U/P r»Uo 

Sosar 
ia oiioa 

Sapi*- 

Pm If fry 

blood 

giocow 

mood 

rosar 

Tbrttb' 

old 

Rr»b«ftcb«d 

■ 



ct, Ptr wUmuU 


■jw. ptr (snt 


ftr cnl 



B 

Kasim 

18 

119 

10 

1100 

110 

389 

279 

332 




16 4 

8.5 

800 

94 

376 

282 

392 




18.5 

7 75 

700 


334 

244 

348 

1 



Uf) 

8.95 

300 

33J 

305 

272 

339 

B 

Ismail 

45 1 

16 4 

10 

700 


279 

209 

343 




12 4 

10 

800 


299 

219 

271 




12 0 

10 

900 


309 

219 

264 

C 

Shexnsi 

36 

385 

25 j; 

1280 

SIJ 

298 

247 

236 



1 

6J8 

17J 

1310 

76 

323 

247 

268 

C 

Hikmet 

, 25 

16.8 

765 

! 45 

59 

I 201 

195 

251 



1 

12.1 

765 

1 210 

27 4 

1 220 

193 

180 


C(u* 1 Mancv^cr U a female of 27 yeart, Towardi 
the end of the fint prtsnaocy tugar was foimd in the 
urine dnrmg a casual cxammatioo. At a second ex 
ammatlon tome weeks after the dehvery sugar was 
found agam and assumed to be lactose. Three months 
after the delfvtry the patient was admitted to the bos- 
pitah The daily sugar output fluctuated between 35 and 
50 grams the fasting blood sugar level being 88 mgm. 
per cent The sugar was identifled as glucose as follows 

1 Reductmo and polaritcopx examination gave the 
same quantity of glucose. 

2. The fennentation with yeast began quickly After 
complete fermentation the capaaty of reduction disap- 
peared. 

3 The tests of Rnhner Wohlk and Malfettf for lactose 
were negative (8) 

4 The characteristic formatiaa of mucic aod was 
ncgaUvc- 

5. The phenylosaione was formed quickly and copiously 


during heating Lactosazone, however is solulde m the 
heat 

The results of tests 2 to 5 proved the shscnce of lactose. 

The oral administration of 50 grams of glucose was 
followed by a qmte normal blood sugar curve. The 
sugar in unne rose to 6J per cent After the injection of 
12 units of insulm the blood sugar decreased during 3 
hours from 109 to 69 mgm, per cent At this level the 
glucose cxcrctioa ceased. 

Dunng the time of hospital nation the daily excretion 
of sugar was 30 to 50 grams at an intake of 250 grams 
of carbohydrates. The fasting blood sugar level was al 
ways normah During the observatioa tune, from April 
to December 1938, m change occurred. 

Core 2. Shevket is a male of 30 years. Sugar was 
found in the unne dunng a casual examinatioa. The 
glucose tolerance test had been performed m another hos- 
pital and had been followed by a normal blood sugar 
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curve, with abundant sugar excretion in the urine. We 
had no occasion to study this case more completely 

Case 3 Agop is a boy of 17 years The first ex- 
amination took place on April 20, 1935 Some time 
before this date a glycosuria was found incidentally and 
the existence of a diabetes melhtus was assumed- The 
result of the glucose tolerance test at that time was nor- 
mal, but the sugar excretion rose to 3 per cent The 
tolerance test with 100 grams of white bread gave a 
si mi la r result Smee then we saw the patient only at 
irregular mtervals. The daily glucose output was al- 
ways about 20 grams, the fastmg blood sugar being nor- 
mal The determination of the threshold was made on 
April 20, 1939 

Case 4 Ayshe is a female of 37 years Four months 
ago she had a delivery with forceps Twenty-five days 
later a manifestation of syphilis was found m her mouth. 
The Wassermann test was positive. Treatment with 
neosalvarsan and bismuth was begun. Dunng the treat- 
ment sugar was found m her urine for the first toie. 
The doctor assumed a diabetes mellitus, but dietetic treat- 
ment was without success She was hospitalized on May 
31, 1939 The sugar m the urme was idenbfied as glucose 
as described m Case 1 As the resident physician had at 
first believed the case to be a diabetes mellitus, a fasting 
day and afterwards a vegetable day were ordered. On the 
followmg day, Jime 2, the threshold of glucose was found 
at 52 mgm. per cent at a glycosuria of 0 14 per cent Now 
the patient was given usual food which contamed more 
than 250 grams of carbohydrates The daily sugar ex- 
cretion rose to 25 to 40 grams The glucose tolerance 
test on June 5 Showed only a slight hyperglycemic re- 
sponse. The blood sugar rose from 77 mgm. per cent to 
119 mgm. per cent, at a sugar excretion up to 6.8 per cent 
The determination of the threshold was repeated on June 
6, and 80 mgm. per cent were found at a sugar excretion 
of 3 5 per cent On June 8, 10 units of insulm were in- 
jected mto the fasting patient The blood sugar fell from 
71 mgm. per cent to 33 mgm. per cent Even at this low 
blood sugar level m urme, 0.2 per cent sugar was ex- 
creted. After a week the determination of the threshold 
was made once more and repeated each hour from morn- 
ing to afternoon. The patient is still m the hospital. 
Every day she excretes 20 to 35 grams of sugar at n 
normal blood sugar leveL 

In all the cases there exists an obvious inabihty 
of the tubules to reabsorb glucose in suffiaent 
quantities No conclusions concerning a uniform 
etiology can be drawn from these observations 
The anamnesis gave no evidence of hereditary 
factors The role of pregnancy m Cases 1 and 
4 IS not clear, as the non-existence of glycosuna 
before pregnancy has not been proved 

Monasteno (7) was the first to detect an ana- 
tomical anomaly of the renal tubules m one case of 
renal glycosuna An enormous dilatation of the 


lumen with flattening of the tubular epithelium 
was found In our cases we had no occasion to 
suggest an operation to the other\vise normal 
patient If further evidence from more cases 
IS added, it will perhaps be possible to charac- 
terize some of the cases of renal glycosuna as 
an anatomical anomaly of the kidney 

We will not discuss here the mechanism of the 
failure of the tubular cells to transfer glucose 
The results of Ruhl and Thaddea (12), who 
treated 2 cases with adrenal cortex hormone, are 
not yet very conclusive Hoff (4) demonstrated 
the influence of lactoflavme and corticosterone 
on the phlonzm glycosuna 

The values of the threshold, determined during 
insulm hypoglycemia as well as by Ae “ supra- 
linutary’’ blood glucose, agree very well m Case 
1 In this case a difference between the threshold 
of appearance and the maximum threshold does 
not seem to exist In Case 4, however, this 
difference seems to be obvious After 2 fasting 
days the threshold is 52 mgm per cent at a just 
perceptible glycosuna Dunng insulm hypogly- 
cemia the threshold appears to he much lower still 
A complete renal diabetes seems to exist because 
the greatest part of the blood sugar value of 33 
mgm per cent, determined by the method of 
Hagedom-Jensen, is formed by non-glucose-re- 
duang substances If glucose is filtered more 
copiously, however, the threshold nses to 70 to 
80 mgm per cent 

Diabetes melhtus 

The determination of the threshold m patients 
with diabetes melhtus gave the same values as m 
normal subjects (Table III) The tests of some 
patients of advanced age and of patients whose 
diabetes had existed for a very long time, how- 
ever, sometimes gave much higher values In 
chmeal practice this fact has been known for a 
long time but until now an explanation for the 
mcreased capacity to reabsorb glucose has not 
been found 

Reduced kidney function 

One patient with amyloidosis in the terminal 
stage and with extremdy low kidney function, 
and 1 patient with malignant hypertension were 
exammed with technic B (Table IV) The de- 
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creased excretioa of glucose m patients with re- 
duced kidney function depends only on the reduc 
tion of the filtration rate. The filtered quantity 
of glucose decreases so much that the reduction 
of the filtering surface causes a retention of sugar 
The reabsorbed quantity decreases m the same 
proportion The glucose threshold remains ab- 
solutely unchanged withm the same limits as m 
the normal subject. The only explanation for 
this fact IS that a reduction of the filtration at 


glomerular lesions is accompamed by a corre 
spending reduction of whole functional units of 
nephrons. In Case 1 the filtratiDn decreased to 
a minimal amount whereas the capaaty of glu 
cose reabsorption m the stiU functioning nephrons 
remained normal. Suppose that in a normal 
subject the quantity of reabsorbed glucose is 3CX) 
mgm, per mmute, at a number of 2,000000 ne 
phrons then one of them reabsorbs 0 15 micro- 
gram, In our case only 3 6 mgm, glucose could 


TABLE rv 


Reduced Jadnty function 


Technic 

Sobicct 
and acx 

1 

UiAgnoJa 

UHm 

Bow 

1 

Creatl, i 
nine 1 

FBtra- | 
tloA 
rate | 

Sugar | 
ia 

uiiut 

Supra 
Bmitary i 
blood 

gliKiMe : 

1 

Blood 1 

angar 

1 

Thrah- 

old 

Rexh, 

•oebed 

giucoae 





U/P ratio 1 

P*r 1 

mgm Ptr \ 

»tm,pcr 

MgM per 

tmpic,ptr 1 





aBiKta 


mi»ml4 1 

cat 

cal 

cat 

cat 


B 

Soy m, 1 

Amylolclotia 

044 

2 16 1 

142 1 

580 1 

269 

471 

202 ' 

[ 36 


0 89 

246 

143 

715 1 

347 

545 


1 37 

B 

Emm m. 

Cbronm wrpbritb 

14 

244 

244 

270 

U 

in 

K ■ 

1 


1 44 

17 95 

25,9 

660 

37 

298 

K ■ 

1 67 T 




141 

13 75 

245> 

870 

63 

336 

' 273 1 

1 

I 66 




















































304 


K\JK£ STEINITZ 


TABLE V 

Interaction of blood sugar level, filtration rate and renal threshold during excretion of glucose undf.r various 

conditions 


Condition 

Glucose filtered Glucote reabsorbed 

GIucom excreted at 

Blood sugar level 

Filtration rate 

Renal threshold 

1 Normal j 

Normal 

Normal 

Normal 

Blood sugar values arti- 
ficially mcreased above 
the normal threshold 

2 Phlon^m glycosuna j 

Normal 

Normal or slightly 
reduced 

Low or non-existent 

Normal or decreased 
blood sugar values 

3 Diabetes renalis 1 

1 

Normal 

Normal 

Low 

Normal or decreased 
blood sugar values 

4 Pregnancy glycosuna j 

Normal 

Normal 

Low 

Normal or decreased 
blood sugar values 

5 Diabetes melhtus 

Increased 

1 

Normal 

1 

Normal 

1 

Blood sugar values m- 
creased above the nor- 
mal threshold 

6 Diabetes melhtus in 
advanced age 

Increased 

1 

1 

Normal 

Increased | 

1 

1 

Relatively high blood 
sugar values 

7 Reduced renal func- I 
tion 1 

Normal j 

Reduced by destnic- 1 
tion of functional | 
imits 

Normal 

Very high blood sugar 
values after mjection 
of glucose 

8 Diabetes melhtus with 
reduced renal func- 1 
tion 

Increased 

Reduced by destruc- 
tion of functional 
units 

Normal or mcreased 

1 Very high blood sugar 
j values 

i 

9 Fimctional disorgani- 
zation of the kidney 

Normal 

Reduced with pre- 
served tubular 
fimction 

Extremely mcreased 

1 

, Extremely high blood su- 
[ gar values after injec- 
tion of glucose 

10 Diabetic coma with 
functional disorgan- 
ization of the kidney ' 

Increased 

1 Reduced with pre- 
served tubular 
function 

Extremely increased 

Extremely high blood 
sugar values 


be reabsorbed per minute If we assume that m 
this case only 2 to 3 per cent of still functioning 
nephrons exist, that is 40,000 to 60,000, the quan- 
tity reabsorbed from one nephron is nearly the 
same as in the normal one 

In cases with reduced kidney function caused 
by decrease of the number of functional units, 
glucose is retamed like other constituents of the 
plasma Only at very high blood sugar levels 
sufficient glucose is filtered to cause a frank gly- 
cosuria We did not examine cases of diabetes 
with kidney disease, but it is beyond any doubt 
that the low glycosuna of these patients has to 
be explained m the same manner In some pa- 
tients who have suffered from diabetes for a 
long time, the glucose threshold is very high 
If this condition is complicated by a kidney dis- 
ease, a very high blood sugar will be necessary 
to produce a glycosuna. 


Fimctwiial dtsorgamsaiwn of the kidney 

In certain conditions the filtration decreases 
temporarily by decrease of the blood pressure or 
by other extrarenal mfluences without any lesion 
of the single nephron itself McCance and Wid- 
dowson (5) call this condition the functional 
disorganization of the kidney ” The filtration 
rate m the smgle glomerulus decreases, but the 
function of those parts of the tubules where 
glucose is reabsorbed remams unaltered The fil- 
tered quantity of glucose decreases, while the 
reabsorbed quantity remains constant, and the 
excretion of glucose is greatly reduced or ceases 
completely Shannon and Fisher (14) have dem- 
onstrated this process by an instructive experi- 
ment m Table III of their paper In a decere- 
brated dog the reabsorpbon of glucose is examined 
before, during and after the application of a clamp 
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to the upper abdominal aorta. Duntig artificial 
decrease of the blood pressure to 50 to 66 mm 
Hg the maximal reabsorbed quantity of glucose 
remamj constant m spite of the reduction of the 
filtratiQTi rate and ODrrespondmg reducUon of the 
filtered quantity of glucose by half The glucose 
threshold, which before tightening the clamp lay 
between 360 and 370 mgm. per cent, suddenly 
rises to 620 to 650 mgm, per cent 

In the condition of functional disorganization 
of the kidney two factors retard the appearance 
of glucose m the unne. The first one is the 
retention of glucose caused by the decrease of 
the filtration, the second one is the unaltered re 
ahsorbmg function of the tubules, by which they 
are able to reabsorb glucose from the decreased 
filtrate with an extremely high threshold value 
This condition may be called reabsorption hyper- 
glycemia 

It has been known for a long time that often 
m diabetic coma, m spite of extremely high blood 
sugar values only traces of sugar arc found in 
the unne Sometimes, m spite of the presence of 
all the other symptoms, the diagnosis may be 
doubtful for the doctor because of the faint or 
negative reaction of sugar m the unne McCance 
and Widdowson (S) have demonstrated that in 
such cases glucose is reabsorbed at a normal rate 
from a reduced glomerular filtrate. 

The mteraction of the three factors on which 
depends the excretion rate of glucose under van- 
ous conditions is summarized m Table V 

SUMMAaV 

The appearance of glucose in unne depends on 
three factors the blood sugar level the filtration 
rate, and the renal threshold of glucose. 

The tubular reabsorption of glucose has been 
exammed by simultaneous dcterminatioa of the 
endogenous crea t i n i ne clearance or the mulm 
clearance, the glucose excretion and the blood 
sugar level m 4 normal subjects, m 4 cases of 
renal diabetes, m 12 cases of diabetes mclhtua, 
and in 2 cases of kidney disease 


The results of these vanous conditions have 
been discussed, < 

The author wishes to acknowledge his mdehtednes* to 
ProfcMor BI. Frank for cncooraging these mvcstlgatiotis 
and to Df L. Shepard, of the Amcncan Hospital, Istan 
bul, for critically rcyicwing the niaimscnpt 
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For many years it has been known (1, 2, 3, 4) 
that at the time of the crisis in lobar pneumonia, 
or immediately thereafter, an extras of type- 
specific antibody can be demonstrated m the blood 
serum of the patient While this phenomenon 
IS not absolutely invariable, most observers have 
agreed that it occurs m the great raajonty of 
instances. Conversely, m cases going on to a 
fatal termination where crisis does not occur no 
type specific antibody can be demonstrated m the 
patient's scrum during the course of the disease. 
These facts have led to the behef that spontaneous 
recovery m lobar pneumonia is mtimately related 
to the patient s capaaty for producing type spe- 
cific antibody m such amount as to react with all 
tlie available antigen m the body and actually to 
appear in excess m the blood serum Moreover, 
m recent years the phenomenon has been used 
as a quantitative gindc to serum therapy, admm 
istration of therapeutic serum being contmued 
until an excess of antibody could be demonstrated 
m the patient* 3 serum 

Smcc the mtroduction of sulfanilainidc and 
related compounds m the treatment of mfections 
there has arisen mtense speculation as to their 
mode of action In view of the fact that these 
drugs while defimtely bacteriostatic are not bac- 
tericidal it 14 obvious that the ordinary defenses 
of the body must play an essential role m the 
successful operation of the drug and evidence 
has been accumulated to show that phagocytosis 
of bacteria is more effective after they have been 
exposed to the action of sulfanilamide. In addi 
tion, the role of hinneral antibodies has been 
studied experimentally, and it la the conclusion 
of a number of investigators that the effectiveness 
of these drugs is considerably enhanced if they act 
m the presence of immune serum. 

In the case of human infections treated with 
sulfanilamide, an appraisal of the importance of 
active or passive immumty has not yet been made 


and as this is a subject of some practical signifi 
cance it was considered worth while to mvesti- 
gate it further The opportumty to do so was 
afforded by the mtroduction of sulfapyndine. 
Since this drug is an effective therapeutic agent 
against all types of pneumococcus it was pos- 
sible to study the immune reaction m human lobar 
pnemnonia a disease in which the development 
of active immumty was known to be of cntical 
importance. Therefore, beginning m February 
1939 each case of lobar pneumonia treated wth 
sulfapyndme at the Presbyterian Hospital was 
investigated for the appearance of type specific 
antibody 

Of the principal immune bodies which have 
been mvesbgated m connection with lobar pneu- 
moma, t e protective substances agglutinins, and 
precipitms we elected to study the latter The 
preapitin reaction with specific soluble substance 
of pneumococcus has been the subject of exten- 
sive mvestigation by Heidelberger and his co- 
workers That the type-speafic preapitm and 
the agglutinin arc the same antibody now seems 
to have been definitely proven (5) Moreover, 
an exceedingly close correlation has been shown 
to exist (6) between this antibody and the mouse 
protecting power of immune serum As Heidcl- 
berger and Kendall (7) have stated while other 
reactions are more dehcate, the preapitin test is 
among the most specific and least subject to er- 
rors and tcchmcal difficulties. The appearance 
of preapitins m the blood scrum of thirteen 
patients recovering from lobar pneumonia eight 
of whom had rccaved serum therapy, was found 
by TiUett and Francis (8) to comade with the 
appearance of agglutinins For these reasons the 
preapitin test wth type-speafic polysacchandc 
was used m this study according to the same 
tcchmque which has been used m this dime as 
a routine method of determining the adequacy of 
serum therapy 
307 



TABLE I 

TypL-'SPLCific aniibodics investigated ui umetcen eases of sulfapyrtdmc-ireoied pneumonia 
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First column « two hour reading Second column -« overnight reading 
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ILATEHIALS AND METHODS 

Serum 'ku obtained from each caje of lobar pocumonk 
as often as was practicable dunng the entire hospital stay 
Detection of antibody was made by means of the pre 
apitm reaction with type-specific polysaccharide accord 
in^ to the technique Dr HeJdelberger To 

one cc. of senun vms added one drop of a 1 50 000 dllu 
don of specific pol j^saccharide derlrcd from the same 
type of pneumococcus as that isolated from the patient's 
sputum. At the end of an hour if the teat were negative, 
three or four more drops were added. The tests were 
read after two hours at room temperature, and again 
after a mght at icc box temperature. (Except m one 
instance^ all the positive reactions were clear-cut at the 
end of two hours,) As a control another tube was set 
up with a fe\v drops of normal salt solution. In addition, 
all human serums were set up with type-specific anh 
serum to detect the presence of drculiting polysacchande. 
(This reacdoa was only found to be positive m one case 
as therapeutic serum was promptly administered, this 
case u not Included below ) Tbe results of the tests for 
type-ipcafic antibody are given In Table L 

RESULTS 

Nineteen cases of lobar pneumonia treated vn\h 
sulfapjmdine were investigated for the appearance 
of type-spcafic antibodies Altogether one hnn 
dred and twenty seven samples of scrum were 
tested by means of the prcapitm reaction with spe 
dfic polysacchande Of the nineteen cases only 
four were shown to have an excess of type-spcafic 
antibody in the blood and in these four the anti 
body did not appear at the time of or immediately 
after the ‘ cnsis mduced by sulfapyndme. As 
nearly as can be determmed from the data, anti 
bodies m these four cases were first detectable 
after about a week of normal temperature A 
study of the fever curves m the whole senes 
mdicates that the temperature fell to normal fol 
lowmg sulfapyndme therapy ^vlthln t^vcnty four 
hours m mne cases within forty-eight hours m 
SIX, and within seventy two m four cases The 
fall to normal in those cases developing antibodies 
occurred in twenty four hours m two cases and 
in forty-eight and seventy two hours in the other 
two respectively — a result exactly comparable to 
the rest of the senes ^forcover the duration 
of disease before sulfapyndme therapy was be 
gim ^vas no greater m the cases which developed 
antibodies than m those which did not, 

'The ipeafic polywicclundes used m these tests were 
kindly supplied by Dr Michael Hadelbcrgcr to whom 
thanks are due, not only for them, but for mvaluablc 
advice. 


Seven other cases were studied but not mcluded 
m the senes listed above, because each received, 
m addition to the sulfapyndme, a certam amount 
of therapeutic antipneumococcus scrum. Two of 
these were due to Type I pneumococcus and both 
promptly showed an excess of antibody after 
scrum therapy five were due to Type III, and, 
of these, three promptly showed an excess of 
antibody 

DISCUSSION 

These observations mdicate that in nearly 
eighty per cent of a small senes of cases of lobar 
pneumonia treated with sulfapyndme recovery 
took place without the appearance of an excess 
of type-specific antibodies In view of the fact 
that the production of an excess of antibodies 
has hitherto been regarded as an essential part 
of the mechanism of spontaneous recovery from 
pneumonia, it must be concluded that sulfapyn 
dme has supplanted at least to some degree this 
part of the immune mechanism There is no 
evidence of course, that antibody production 
ceases to occur m the presence of sulfapyndme 
on the contrary, it is highly probable that it 
occurs at least to some extent Such indeed, 
IS suggested by the fact that m the cases where 
antibody appeared m excess, it did so later than 
has been observed m untreated cases implying 
that production has been going on at a slower 
rate, probably because the sbmulus to antibody 
formation is lessened through the action of the 
drug on the mvadmg orgamsm. Moreover, this 
abnormally low rate of anbbody formation may 
explain the well known clmical findmg that if 
treatment with sulfapyndme is stopped too soon 
even if the patient has had no fever for several 
days a recrudescence of the pneumonia may take 
place. Finally, these observations do not settle 
the question as to whether therapeutic antiserum 
should or should not be given along with the 
drug, they merely mdicate that demonstrable 
antibodies arc not essential to recovery 

SUMMARY AND CXINCLUSIONS 

I Nineteen cases of lobar pneumonia treated 
with sulfapyndme were studied for the appear- 
ance of type-specific antibodies m the blood scrum, 
as judged by the prcapitm reaction with specific 
polysacchande. 
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2 In only four instances was an excess of 
antibodies demonstrated, and m these cases anti- 
bodies were not noted until after the patient's 
temperature had been normal about a week 

3 The significance of these findings is dis- 
cussed 
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Accurate analysts of the protein fractions of 
human plasma has m the past been very difficult 
and time-consuming Fractional precipitation by 
neutral salt, as m Howe 3 method (1) has proved 
useful because of its simpliaty and because the 
most important pathologic vanabons in plasma 
proteins involve a gross dirainubon in the albumm 
frachon Such methods have defimte hmitabons 
Butlers careful study (2) of curves dcscnbing 
the ‘ salbng-out ' of human and horse serum 
demonstrated that the preapitabon ranges of the 
globulin fractions overlapped one another grossly 
and that even the albumm-globuhn separation 
was by no means sharp That the albumm 
fraction after a single preapitabon with neutral 
salt 13 grossly contaminated by globuhn becomes 
most obvious when sera from nephrotic patients 
are studied On dialysis of this ‘ albumin ' frac 
tion against running distilled water a large amount 
of the protein separates as a water insoluble pre 
apitate 

The simple salting-out methods are tlius 
veiy inaccurate in the cases m which th^ arc of 
most mtercst Combinations of dialysis isoelec 
tnc preapitabon and licutral salt preapitabon, 
carefully worked out and frequently repeated 
wiU allow the isolation of pure fractions but such 
methods arc not at present satisfactory as ana 
lytical procedures 

Tisehus (3) has developed an apparatus for 
the study of the migration of protem m the elec- 
tric field, eliminating most of the difficulties pre 
viously encountered m such studies and permitting 
a quantitative estimation of proteins as tliey sep- 
arate durmg electrophoresis by means of a Toepler 
Schheren method (4) With tlus apparatus he 
has studied among other thmgs the proteins of 
horse scrum (5 6) The simphaty of the 

method tlic sharp separation of the fractions, 
and the small amounts of matcnal required com 
bme to make it an excellent procedure for the 
study of human proteins 


Stenbagen (7) first pointed out that the pnn- 
apal electrophoretic fractions of normal human 
serum corresponded with those noted by Tisclius 
for horse serum namely alhurain and a, /3, and 
y globulins migrating with varying speeds m the 
electric field. Later Blix (8) studied normal hu- 
man scrum globulins and those of patients with 
pneumonia, and showed that the so-called a and 
jS fractions were usually mcreased durmg the 
acute phase of the disease Recently, Maclnnes 
and Longs^vorth (9) and Longsworth, Shed- 
lovsky and Maclnnes (10) have reported their 
observations on serum and urinary proteins m a 
number of diseases. They have noted that the 
unnary protem pattern m nephrosis resembles 
normal serum, in spite of great variations in the 
scrum albumm and globulins In a number of 
febnle conditions they observed elevation of a- 
globuhn, and m myeloma, nephrosis and obstruc 
tive jaundice large increases of the ^ globuhn 
fraction assoaate^ m the latter two diseases witli 
an mcrcase m blood lipida In the present study 
of the proteins of normal and pathological plasmas 
and unnes the globuhns have been analyzed mto 
four fractious by electrophoresis at neutral reac- 
tions and the albumins mto two fractions at aad 
reactions 

METHODS 

The pnnaplei m>olvcd m the Tuehtu appamtuj arc 
Mcnplc. The placna 1 * layered in the lower half of a 
U tube below buffer lolntion (againit which the plasma 
has prcviotuly been dialyzed) Electrodes are placed m 
the buffer and direct current apphed. The \oItagc and 
current arc adjusted «> as not to prodnee appreciable 
wannmg of the solution and consequent convection cur 
rents. Tha disturbance u mioimizcd by runmug the ap- 
paratus in a bath at 1 C a temperature just below the 
point of maximum density of the solutions used. Under 
the mduence of the electric field the protem ions move 
toward the anode if thor charge is uegaUve and toward 
the cathode if thcir charge u positive. The speed of 
imgration is largely dependent on the charge of the pro- 
tein ion under conditioos of constant pH and ^ ^ 

tration. The various fractions combined 
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table n 

Percentage camposttion of proUtns of normal and certain pathological fluids 


1 

! 

Total 

protein 

Albumin 

! 

1 

Globulins 

Fibrinogen 

A/G 

TI«Uaj 

A/G 

Howe 

a 


! 

^total j 

a 

1 

in grams ' 
ipcr 100 cc 

per cenl 

Per cent j 

per cent j 

1 

1 

1 


NORMAL PLASMA 

Average 

65 

62 5 

70 

48 

1 84 

1 

13 2 

11 6 

5 7 

63/37 

62/38 


NEPHROTIC SYNDROME 


Plasma I 

40 ' 

27 4 


15 8 

18 4 

342 

4 8* 

18 4 

27/73 

43/57 

Urme I 

1 0 ' 

92 0 


1 


53 1 

1 0 


92/8 


Plasma III 

42 

17 2 


1 


33 0 ’ 

56 ' 

12 5 1 

17/83 

26/74 

Urme III 

06 

83 3 




10 4 

18 


83/17 


Plasma IV 

39 

87 

29 7 



41 6 

68 

13 2 

9/91 

23/77 

Unne IV 

04 

67 7 

HI 



15 2 

11 2 


68/32 



terminal nephritis 


Plasma V 

60 

51 8 

55 

D 

15 3 

22 0 

14 2 

65 

52/48 

62/38 

Unne V 

02 

68 7 

34 

■H 


14 7 

13 2 


69/31 


Plasma VII 

66 

649 

54 


10 8 

IS 5 

90 

52 

65/35 

68/32 

Urme VII 

0 15 

80 5 

3 1 

n 


83 

8 1 


81/19 



amyloid disease 


Serum VIII 

50 

26 2 

IB 

10 2 

18 7 

28 9 

28 2 

HH 


42/58 

Urme VIII 

04 

72 7 

IH 



5 2 

20 6 





ACUTE RHEUMATIC FEVER 


Plasma IX 

Unne IX 

5 4 

0 05 

31 1 
400 

10 4 
60 ' 

10 0 

■ 

16 7 
24 0 

33 5* 
30 0 

83 

31/69 

40/60 

39/61 

CIRRHOSIS 

Plasma XII 

57 

39 3 

58 

48 

94 

14 2 

32 0 

87 

39/61 

44/56 

Ascites XII 

06 

41 1 

45 



13 8 

i 345 

i 

6 1 

41/59 

! 

f 


* The 7 -fractions m these two cases include Pj In Case I, Pj represented 2 1 per cent In Case IX, it represented 


7 4 per cent 


2 Nephrotic syndrome The patients studied 
were three children and one adult presenting 
Svensson Longsworth Luetscher Kekwick 
a/Albunnn 013 012 011 008 

^/Albumin 0 26 023 0^1 019 

7 /Albumin 0 17 0 20 0 19 0 43 

The high 7 value observed by Kekwick (30) is due to 
the o^erlapplng 5-effcct The results of Bhx are dif- 
ficult to compare directly but appear to resemble those 
of Kekmck ^ ^^good agreement of these results is 
quite grat^ 


gross proteinuna, hypoproteinemia, and edema, 
without significant change of renal function or 
blood pressure 

The most strikmg change is the great loss o 
albumin from the plasma, which is even more 
severe than indicated by the ratio of albumin to 
globulin (A/G ratio), as measured by Howe’s 
method Compensatory changes mvolve the in- 
creases of ;8- and a-globulms, P increasing first, 
and a nsmg stnkingly only when the albumin is 
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almost totally lost* The y- fraction least active 
osmotically is diminished Fibrinogen is defi 
nitely mcreased, accounting at least in part for the 
high corpuscular sedimentation rates observed m 
nephrotic blood In one case appeared and 
was apparently related to increase of true globulin 
and diminution of y 

The unnes contain roughly the same fractions 
as normal serum fibrinogen is not ordmanly 
seen, nor is P, The p boimdary is single. This 
IS perhaps explained by the fact that fibnnogen 
and the more insoluble globulins are preapitatcd 
from dilute solutions of pH 5,5 to 6 5 It is 
known that unnary casts ’ arc soluble m alka 
hnc solutions 

When there is over 1 gram per cent of albunun 
m the plasma, the unnary protem is about 90 
per cent albumin. When the albumin in the 
plasma falls to very low levels the unnary al- 
bumm becomes lower and the unnary globuhn 
relatively more important approaching a ratio 
s imilar to that of normal serum as has been 
pointed out by Macinnes and Longsworth (9) 

3 T ennwal glomeruloii^phntts The three 
cases studied were all in a state of uremia. One 
gave a history of acute glomeruloncphntis with 
persistent activity one had an insidious onset 
with an mterlude of mild edema one had gone 
through an acute attack, a nephrotic stage and 
a latent penod of 10 years 

Analyses of the three plasmas approximated 
the normaL There was a sbght diminution of 
the albumm m two cases and the jff-globulm \vzs 
somewhat higher than usual m all cases 

Unnes contained lower concentrations of pro- 
tern than the ncphrotics but much the same pro- 
portion of constituents Here again dimmubon 
of plasma albumm concentration is reflected m a 
lower proportion of albumin m the unne, 

4 Amylotd disease Only one patient was 
studied Chrome tuberculosis of the lymphatic 
system preceded the development of amyloidosis 
m this case. During life the patient presented a 
classical picture of amyloid disease and the diag 
nosis was confirmed by necropsy findings 

The albumm was much reduced m plasma, but 
unlike a nephrotic serum with a similar diminu 


* Lonffsworth and Macinnes m a recent paper (31) re- 
late this mcrcase m § globuhn to lipoids. 
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THiBunoH or PaoTEiK Fbactions in the Plasma and 
UaiNB or Patients \vith GLOicmuLONEPHsms in the 
Nephudtic and Terminal Stages 

A very jevere reduction of albumm charactenzes the 
nephrobe plasma shown above. Corresponding to this 
situaboD, the unne contains less albumm and more 
globulm ihan seen m the milda: case. The ratio of 
albumm components la reversed in both blood and unne. 
The plasma of terminal glomeruloncphntis is more nearly 
bat shows mild changes of the same type seen 
m the nephrotic stage, 

tion of albumm the globuhn. increase was most 
stnkmg m the *yf-fraction The unne reflected 
this anomaly with a corresponding mcreasc m 
the y fraction otherwise resembUng the other 
unnes studied 

5 Rheumatic heart disease rmth failure Sev 
eral patients in the active phase of rheumatic 
fever and one patient without obvious signs of 
activity were studied In a young girl wth 
rheumatic pancarditis there was a grr elevation 
of the y-fractioiL There ^vas also thave uearance 
of P, and an mcreasc in (bresis apphns) 
Fibnnogen was relatively and at patients 8uftc,*d 
The albumm wus considetr plasma protem dis 
woman with rheumatic pc types have been noted 
similar changes but sor albumin has shown two 
A reversal of the normal 
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ratio of these components has been noted m the 
nephrotic syndrome and m advanced cirrhosis of 
the liver 

3 The ratio of nephrotic albumm components 
being the same in plasma and urine suggests a 
change m the formation of albumm 

4 Results obtained with the salting-out and 
the electrophoretic methods of protein fractiona- 
tion have been compared 

I am deeply mdebted to Dr Edwm J Cohn and Dr 
Ame Tisehus for thar kind suggestions and criticisms 
of this work, to Dr Henry A Christian and Dr Soma 
Weiss for their advice and suggestions , and to Dr Allan 
M Butler, Dr J P O’Hare, and Dr Robert T Monroe 
for their helpfulness m obtaining climcal material 
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The effect of artificial pncimiothorax on car- 
diac output in animals has been studied by several 
investigators Dogs have not been suitable as 
experimental animals because of the flimsy and 
often perforated raediastmum In both the rabbit 
and the goat the mediastinum is mtact but the 
goat IS the more satisfactory because of its size 
larger blood volume, and the apparent similanty 
of Its mediastinum to that of man. Among the 
recent 'work on the subject is that of Hilton (1) 
He selected goats as experimental animals and 
made use of tlic Fick pnnaplc for estimation of 
cardiac output He found that a small unilateral 
pneumothorax gave nsc to a slight increase m 
cardiac output but that a unilateral pneumothorax 
of moderate sue resulted m a rediuhon m cardiac 
output of about 30 per cent He suggested on 
the one hand that the mitial increase m cardiac 
output was caused by the mcreased inspiratory 
efforts and probably anoxemia and on the other 
that the decrease after mduction of larger pneu 
mothorax was due to diminished mechanical ef- 
fiacncy of breathing and consequent mterference 
with the venous return to the heart 

Several reports have been made on the effect 
that pneumothorax has on cardiac output m maiL 
The subjects for most of these mvestigations ha^e 
been patients suffenng from parenchymal pul- 
monary disease usually pulmonary tuberculosis, 
Richards, Riley and Hiscock (2) studied tliree 
young men exhibiting unilateral pulmonary tu- 
berculosis before and after the induction of uni 
lateral pneumothorax In measuring cardiac out 
put they used a method employmg the Fick pnn 
aple. In all three patients they observed fall m 
level of cardiac output on mstitution of unilateral 
pneumothorax 

Coumand Bryan, and Richards (3) used a 
method similar to the one employed by Richards 
Riley and Hiscock (2) but exercised particular 
care m sccunng the \enou3 and arterial carbon 


dioxide -values. They made measurements of 
cardiac output when the lungs were expanded as 
well as dunng vanous stages of collapse m three 
patients suffermg from pulmonary tuberculosis, 
m one having a lung abscess and m two exhibitmg 
spontaneous pneumothorax In three instances 
unilateral pneumothorax was associated -with sub- 
stantial decrease m cardiac output. In the re 
maining three cases, however there was no con 
sistcnt relation behveen the cardiac output and 
the degree of collapse. Since however the two 
cases of spontaneous pneumothorax were not 
studied after the lungs had completely re-ex 
panded control levels were not obtamed m them 
They inferred that m unilateral pneumothorax 
there -was a tendency to dmunished cardiac out- 
put which might be marked shght or absent 
They suggested that pulmonary blood flow might 
be related more to the degree of ventilation of 
the collapsed lung than to the degree of collapse 
and that the motion of the diaphragm might have 
an important influence, 

Nyhn (4) used the acetylene metliod of GroU 
man m studying two cases both before and at 
mtervals dunng the collapse of one lung by m 
duced unilateral pneumothorax Both patients 
suffered from pulmonary tuberculosis. In neither 
case did he observe progressive or consistent 
change m the cardiac output as um lateral pneu- 
mothorax was established, 

Pnkryl (5) studied five patients m whom he 
used the method of Grollman for the estimation 
of cardiac output. The patients were afebrile 
when estimations were made and basal conditions 
were observed. In four cases studied before and 
after the collapse of one lung he found a shght 
decrease m cardiac output (8 9, 6 and 1 per 
cent) In a fifth case, there Nvas a shght increase 
(3 per cent) He considered these vanations to 
be within the limits of normal fluctuation and ex 
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penmental error and concluded that cardiac out- 
put \v3s not decreased by collapse of one lung 

The observations now being reported concern 
four patients who suffered unilateral spontaneous 
pneumothorax Studies were made on them dur- 
ing vanous stages of collapse and after complete 
re-expansion of the lung These patients ap- 
peared particularly suitable for this investigation 
because they were m good health when spontane- 
ous pneumothorax occurred, because they had no 
evidence of pulmonary disease or organic heart 
disease, because there was no flmd m the pleural 
cavity, and because they were able to cooperate 
fully m carrymg out the procedures There were 
no signs of limg fistula Studies were earned 
out dunng vanous stages of collapse of the lung 
and after complete re-expansion 

METHODS 

All observations were made m the morning while the 
patients were m a basal metabolic state. Measurements 
of the cardiac output were made by the acetylene method, 
three samples of gas being taken as first recommended by 
Grollman (6), and as further elaborated by GroUman, 
Friedman, Clark and Harnson (7) Durmg this meas- 
urement the patients were sittmg m a steamer chair 
(angle 135®) with legs extended. They were acquamted 
with and tramed to carry out the procedures beforehand. 
While the patient \vas at rest the cardiac rate was counted 
at mtervals of five mmutes. At the end of one hour 
the acetylene*air-oxygen mixture was rebreathed. Three 
samples of gas were taken durmg each rebrcathing period 
for estimation of the arteriovenous oxygen difference. 
The first sample was taken after rebreathmg ten to 
twelve times m twenty seconds, the second after two to 
three breaths more, and the third after two to three addi- 
tional breaths All three samples were usually obtained 
before the end of thirty seconds Samples were taken 
durmg expiration. Two periods of rebreathmg were 
carried out on each patient Shortly afterwards the oxy- 
gen consumption was measured with a Bencdict-Roth 
spirometer After a short pause, the vital capacity was 
measured and height and weight detemnned. In succes- 
sion, suflSaent time bemg allowed between each procedure 
for the patient to return to a basal metabolic state, an 
electrocardiogram including a chest lead was taken, the 
arm-to-tongue circulation time recorded, the venous pres- 
sure estimated, and the blood pressure measured. Finally, 
the basal state still bemg mamtamed, a roentgenogram of 
the heart was made at a distance of two meters The 
percentage of collapse of the lung was estimated by 
measurmg with a plammeter the area of the shadow of 
the collapsed lung on the roentgenogram and the area of 
that part of the chest cavity normally filled by the lung 
when e.\pandc<L Wc realized that this method of csti- 


matmg percentage collapse of the lung was not e.xact 
smee It did not take into account the changes m the other 
planes It was considered satisfactory, however, for a 
rough correlation. The three standard leads of the elec- 
trocardiogram were taken m each instance, and also in 
the case of H H and H G electrocardiograms were 
recorded ^vith the patient supme, lymg on the nght side 
and lying on the left side, in order to calculate the shift 
of the electrical axis with change m position. 

The arm-to-tongue circulation time was estimated by 
the use of decholm (8) Five cc. of a 20 per cent solu- 
tion were mjected rapidly (one to tivo seconds) through 
an 18 gauge needle into an antecubital vem while the pa- 
tient was lying quietly m the supme position. This was 
repeated one and one-half mmutes after the response to 
the first test had been elicited. The time ivas recorded 
from the begmnmg of the mjection until the patient per- 
ceived the bitter taste. 

The venous pressure was measured by the direct method 
(9), usmg a large antecubital vein, the arm being placed 
on a level with the nght auricle. The system was filled 
with normal salme and the venous pressure read dwectly 
from a millimeter rule as millimeters of salme. Normal 
pressures by this method range from 40 to 100 mm. of 
salme. In subsequent measurements the vem was entered 
at the site first punctured, the vem of one arm bemg re- 
served for measurement of venous pressure, and of the 
other arm for estimation of the circulation time. 

Roentgenograms of the heart were taken with the pa- 
tient m the standmg position, m full inspiration, at a dis- 
tance of two meters Measurements of the cardiac area 
were earned out by the technique of Levy (10) 

In one pabent (T C ) estimabons of the oxygen con- 
tent of the blood were made. Samples of arterial blood 
were taken under albolene from a radial or brachial artery, 
and of venous blood, without stasis, from an antecubital 
vein, the same vem bemg used for this purpose each tune. 
The oxygen content of these samples was estimated by 
the Van Slyke and Neill manometnc method (11) 
Samples of blood were taken m the morning before break- 
fast with the pabent m a basal metabolic state. 

OBSERVATIONS 

The data are recorded m Table I 

Case H H was studied first when he showed 
77 per cent collapse of the nght lung, again when 
there was 34 per cent collapse, and finally after 
complete expansion (Table I) The cardiac out- 
put mcreased from 1 91 to 2 74 and finally to 
3 0 liters per minute as the pneumothorax dis- 
appeared The artenovenous oxygen difference 
decreased The arm-to-tongue arculation time 
decreased slightly The venous pressure decreased 
slightly Roentgenogram showed presence of the 
pneumothorax and slight displacement of the heart 
to the left This displacement disappeared as the 



EFFECT OP PNEUMOTHORAX ON CIRCULATION 


323 


table I 
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lung expanded while the vital capaafy mcr cased 
from 2000 cc., to 2600 cc,, to 3500 cc Electro- 
cardiogranis taken with the patient supine, lying 
on the right side, and lying on the left side showed 
only slight changes m deviation of the clectncal 
axis wth change m posibon 
Case H G was studied first when the left lung 
^va3 collapsed 73 per cent and again after com 
picte expansion The cardiac output mercased 
from 3 03 to 3 48 liters per mmute. There was 
a moderate decrease m the artenovenous oaq^gen 
difiTcrcncc, The arm to-tongue circulation tune 
increased from 7 6 to 12 1 seconds The venous 
pressure increased shghtly Roentgenograra 
showed no appreciable displacement of the heart 
The vital capacity mcreased from 2300 cc. to 3800 
cc- Electrocardiograms were taken with the pa 
ticnt supme lying on the nght side and lying on 
the left side. There was a shght left axis dcvia 
bon during the period of pneumothorax which 
later disapp^ircd However, the electrical axis 
shifted more with change m posibon during the 
period of pneumothorax than it did later 
Case F H was studied first wth 38 per cent 
collapse of the nght lung later with 14 per cent 
collapse and finally after complete expansion 
The cardiac output mercased from 280 hters per 
mmute with 38 per cent collapse to 3 59 liters 
per ramute with 14 per cent collapse and then 


decreased to 3 12 hters per minute after the pneu 
mothonuc had disappeared. Unlike the other pa- 
bents this case achieved his largest cardiac output 
while there was partial collapse of one lung 
Artenovenous oxygen difference also was lowest 
at the bme of 14 per cent collapse of one lung 
The arm to-tongue circulabon bme did not vary 
appreciably The venous pressure showed a mod- 
erate increase but remained vnthm normal limits. 
The roentgenogram showed the pneumothorax on 
the nght and a slight shift of the heart to the left 
that disappeared aa the lung expanded The vital 
capaaty increased from 2000 cc. to 3200 cc. and 
finally to 3600 cc. Electrocardiograms consisbng 
of the three standard leads and a chest lead showed 
a slight shift of the electneal axis to the nght and 
a shght mcrease m the ampUtude of the T-wave 
m the chest lead as the heart resumed its normal 
posibon. 

Case T C was studied first when there was 
57 per cent collapse of the nght lung, again when 
there was 44 per cent collapse and finally after 
complete expansion The cardiac output measured 
3.20 liters per minute with 57 per cent collapse 
decreased to 281 hters per ramute with 44 per 
cent collapse and mercased to 3.28 liters per 
mmute after complete expansion. Unlike the 
other pabenU, this case had a smaller cardiac 
output when there was a moderate degree of col- 
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lapse than when there ^\as more extensive col- 
lapse The artenovenous oxygen difference in- 
creased and then decreased as the lung expanded, 
being greatest at the time of 44 per cent collapse 
The arm-to-tongue arculation time decreased 
slightly and then mcreased as the pneumothorax 
decreased but stayed within normal limits The 
venous pressure was definitely elevated at the time 
of 57 per cent collapse but showed a substantial 
fall at each of the subsequent examinations The 
roentgenogram showed a shght shift of the heart 
to the left at the time of maximum collapse but 
it IV as seen to be in normal position as pneumo- 
thorax decreased The vital capacity mcreased 
from 2600 cc , to 3000 cc , and finally to 4200 cc. 
Electrocardiograms consisting of the three stand- 
ard leads and a chest lead showed a slight shift of 
the electncal axis to the left as the heart returned 
to its normal position with expansion of the lung 

DISCUSSION 

The decrease in cardiac output for individual 
pabents showed no close correlation with the 
amount of pneumothorax Two patients showed 
a moderate decrease m the presence of unilateral 
collapse , another achieved a larger cardiac output 
with a small pneumothorax than was present 
either m the control penod or with greater col- 
lapse, yet another pabent attamed a smaller car- 
diac output with a moderate collapse than when 
there was more extensive pneumothorax In all 
pabents the basal metabolic rate was normal but 
on the low side of normal In two patients (T C 
and H G ) it changed only slightly as percentage 
collapse decreased Case F H , however, ex- 
hibited a fall from — 2 per cent to — 10 per cent 
to — 17 per cent as the lung expanded , and Case 
H H showed a decrease m the basal metabolic 
rate from — 9 per cent to — 15 per cent This 
change m the basal metabolic rate paralleled the 
slowing of the heart rate which occurred in these 
two cases The fall m basal metabolic rate in 
these last two cases (F H and H H ) accounted 
to some extent for the absence of a more sub- 
stanbal increase m their cardiac output Never- 
theless when percentage coUapse was plotted 
against per cent of conbol cardiac output, for all 
pabents, a rough hnear correlabon was seen, and 
the slope of the line was such that the greatest 



PERCENT UttILATERAL 
COLLAPSE OF LUttO 

Fia 1 Collapse of Lung and Cardiac Output and 
Vital Capagty 

In this figure all observations of cardiac output pc*' 
nunute (A), output per beat (B), and vital capaaty (C) 
as per cent of the levels when the lung had expanded 
completely, are plotted against the corresponding per cent 
coUapse of the lung (Table I) This discloses a corre- 
lation which appears to be linear in that, as the amount 
of collapse mcreascs, the cardiac output and vital ca- 
paaty decrease* 
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collapse was associated with the lowest cardiac 
output (Figure 1) The small collapse which was 
assoaated with mcrease m cardiac output will be 
discussed later Smularly there was a rough 
correlation between cardiac output per beat and 
amount of collapse, since the cardiac output per 
beat mcrcased as the per cent of collapse de 
creased There was no constant correlation be* 
tween artenovenous oxygen difference and degree 
of pneumothorax. The heart rate in each of the 
patients became slower as the pneumothorax dis 
appeared The arm to-tongue arculation tunc 
showed no consistent change in one case tliere 
was no change in two there was an increase, and 
in the fourth there was a shght decrease as the 
lung expanded The venous pressure was withm 
or near normal limits and showed only shght 
changes except in the case of T Cm whom there 
was a considerable fall from 163 cm to 4 8 cm 
of saline. The vital capaaty vaned inverse^ wth 
the degree of collapse, and the correlation ap- 
peared to be Imear (Figure 1) 

Smee the cardiac output appears to be reduced 
when a suffiacntly large unilateral collapse of a 
lung occurs by what mechanisms docs the or- 
ganism compensate for this reduction? There 
arc data relating to one mechanism in the case 
of one patient Measurements of the oxygen con 
tent of the artcnal and venous blood were made 
of T C Dunng collapse the arterial oxygen 
saturation was reduced to 92.3 per cent and 93 5 
per cent respectively (Table II), and restoration 
to a normal level namely 97 5 per cent, occurred 
with complete expansion of the lung The rcduc 
tion m saturation dunng collapse may be ac 
coimted for by the mixture of blood of reduced 


oxygen content leaving the partially collapsed lung 
with normally oxygenated blood from the oppo* 
site normal lung One of the mechamsms 
achieved by this patient was to raise the oxygen- 
carrjnng capaaty of the blood by increasing the 
amount of hemoglobm as much as 8 to 12 per 
cent (Table II) over what it was after rc-ex- 
pansion of the lung It was possible for him to 
maintam his normal range of oxygen utilization 
dunng collapse (Table II) 

Although roentgenograms showed slight dis- 
placement of the heart to the side opposite the 
pneumothorax m each case the electrocardiograms 
showed no consistent deviation of the eicctncal 
axis Moreover as the pneumothorax disap- 
peared and the heart returned to normal position 
the eicctncal axis shifted m a direction similar 
to that of tlic heart m two cases but m the opposite 
direction m the other two cases Rotation of the 
heart which could not be demonstrated on an- 
tcropostenor roentgenograms doubtless accounted 
for this mconsistency 

In only one of the patients (Case F H ) were 
studies of the arculation performed m the pres 
ence of a unilateral pneumothorax as small as 
14 per cent The results here were similar to 
those found by Hilton (1) m his observatioas on 
goats in tliat there was an mcrease m cardiac 
output ivith this small amount of collapse of one 
lung The patient showed nather cyanosis nor 
dyspnea but the rate of respiration was shghtly 
more rapid at the time of this measurement than 
after the pneumothorax had disappeared From 
our data and those reported m the htcrature, it 
appears that m the presence of a umlateral pneu 
mothorax of small or moderate sue, there is hkcly 


table n 


ChaJi£is tn blood during untlaUral coUapst xn T C 


D»U 

! Unl 

1 Utcnl 

1 coUaoM 

1 Qxyfui 

1 content 
axtcilal 

blood 

Oiyjen 

1 content 

1 veunu 

1 blood 

1 (nnn) 

1 Oxym 

1 dpidty 

TCOOtU 

blood 

Htmo- 

ctoWat 

Arterial 

ainnUlon 

VtocroM 

oiyeen 

1 

Arterlo- 

VCOOUJ 

exTtea 

differtoce 

Oiysca 

content 

mixed 

▼enooi 

1 blo^« 

Oxyxen 

uiiHjBe 

tloat 

November 23 1934 
November 30 1934 
January 12 1935 

1 

1 ct»t 

57 

44 

1 ® 


« ptr 
hUr 
163 0 
127 0 
138 0 

tf ^ 
UUt 

229 0 
236 0 
215 0 

ptr c*nt 

112 4 
116 2 
104 9 

prr ant 

923 

933 

973 

txr (€nt 

7ia 

52 1 
634 


' oc. fitr 
ItUr 

145 6 
131 I 

1 U13 

#hfr (€mt 

28 

S3 

30 


• Derived by tubtracting artejrurvenoui oxygen difference from oxyjfea content of artcnal blood 
t Ratio between artenovenou* oxygen difference and oxygen capacity 
1 185 cc, per liter — 100 per cent b^oglobln 
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TABLE I 


CompostUon of diets in grants per day 
(Values for calcium, phosphorus, and^mtrogeu are actually anal>zed) 



Case la 

Cas^ 2a 

Case 3a' 

Case 4a 

Periods (four-day) 

B 

6-11 

1-12 

1-2 

10-U 

16-17 

3-9 

19-20 

I-IO 

11-16 

17-26 

Diet number 

1 

2 


1 

2 

3 

3 

4 

5 

Rice 

50 

62 

180 

150 

100 

460 

190 

190 

190 

Wheat flour 

150 

188 

300 

soot 

400 


150 

300 

400 

Com meal 



100 







Millet 

50 

62 





80 

80 

80 

Oat meal 

30 

38 








Egg 

30 

38 




90 




Beef 

50 

62 

30 







Pork 

100 

125 

30 

30 

30 

50 

100 

100 

100 

Chicken 

50 

62 


30 

30 

60 




Soy bean curd 





100 

200 




Gram bean 





50 





Mung bean 






20 




Potato, sweet 







100 


100 

Lotus root starch 




10 

10 





Turnip 





100 


100 

100 

100 

Turnip, salted 



40 



10 




Cucumber, salted 







10 

10 

10 

Wosun 




100 ' 






Cabbage, large 



100 

SO 



300 

400 


Cabbage, small 

SO 

62 



1 

100 



400 

Celery 





100 





Spinach 






100 




Bean spronts 

100 

125 


100 






Hai tai 

1 



1 

1 20 





Apple 

j 





' 50 




Banana 




1 

1 100 

1 

1 



Crabapple 





50 


I 



Pear 

100 

125 


100 






Tangerine 







100 

' 100 

1 100 

Molasses 





40 





Sugar 1 

10 

12 

20 

20 

20 

20 




Butter 

10 

12 








Sesame oil 

42 

52 

30 

50 

50 

60 

50 

50 

50 

Sauce, soybean 


1 


10 

10 

10 




Sodium cnlonde 

6 

1 7 5 

5 

6 

9 

8 

10 

10 

12 

Baking powder 




20t 

20t 





Protein 

80 

100 

74 

86 

88 

102 

70 

88 

100 

Carbohydrate 

234 

293 

479 

557 

509 

411 

374 

489 

561 

Fat 

1 82 

103 

35 

62 

65 

88 

73 

75 

76 

Calories 

1994 

2499 

2528 

3125 

2972 

2844 

2435 

2980 

3329 

Calcium, mgm 

247 

309 

227 

186 

505 

421 

207 

292 

456 

Phosphorus, mgm 

1025 

1281 

932 

930 

1157 

1174 

812 

1065 

1006 

Nitrogen 

11 58 

14 50 

11 34 

12 35 

13 76 

16 25 

10 61 

12 96 

14 84 


• Half portion of this diet was used for penods 2-4, and two thirds portion for periods 5-6 and 10-12 inclusive 
t Only 400 grams of flour were used for penods 10-14, and 300 grams for penods 16-17, inclusive Flour on analysis 
ga\e 21 mgm calcium, 133 mgm phosphorus, and 1 63 grams nitrogen per 100 mms 

t Baking powder on analysis contained 986 mgm calcium, and 1,587 mgm phosphorus in 20 grams This was used 
dunng penods 7-9 (iet 2) and 10-11 (diet 1) only, accounting for the exceedingly high intake of calcium and phos 
phorus during those penods 


with tetany and rickets, breast-fed by its mother 
who also had tetany as well as osteomalaaa, and 
the changes brought about both in the infant and 
in the mother after the latter alone received vita- 
min D 

3 The response of an infant, bom of an osteo- 
malaac mother and itself having tetany and rick- 
ets, to breast feeding from a presumably normal 


wet nurse before and after vitamin D adminis- 
tration to the wet nurse 

4 The eflfect on an infant of variations in the 
state of vitamin D nutrition in the mother who 
had osteomalaaa a limited dose of vitamin D 
dunng the latter part of pregnancy, depletion for 
a penod after parturition, and finally replemsh- 
ment 
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paOCEDUEE 

All the pabentt were sttidied m tbe metabolism ward 
where the rcratmea for the preparation and temng o{ 
constant diets and collection of excreta for quantitative 
purposei have been standardized (7 13 14) The com 
potiboa of the diets i5 shown m Table I While the 
fuel values are calculated from the compilation of Wu 
(25) and from OiUlwt of Diets of the Poping Union 
Medical College Hospital 3rd edition. Poping 1937 the 
entoum, phosphorus and mtrogen contents were analyzed, 
50 per cent of the day's food bong used for the purpose. 
Where the same diet was used for a relatively long period 
of time, the analyses were repeated at mtervals. 

Stools and unne were collected m four-day penods 
0.1 gram of carmine bong used to mark off the stools 
every four days. For the quantitative collection of ex 
creta from mfants the special metabolism cots, described 
by TfO (23) were used As all the mfants studied were 
malc^ the urme collcctiDn waa satisfactory and complete. 
It IS usually a good plan, if time permits, to interpose 
periods of rest between penods of study so as to avoid 
maceration of the skin of the perineum and possible lU 
effects of continuous restriction of activities of the infant 

Stools were passed directly mto tared enamel pans, 
dned m an oven at 90 to 100 C, and weighed. All the 


stools of the period were ground m a mill mto a fine 
homogeneous powder and accurately weighed portions 
ashed m a muffle furnace at approxinutely 500 C The 
ash was extracted with hot 5 per hydrochloric aod 
and portions taken for analysis of calcium and phos 
phorus. The four-day pooled collection of unne was 
preserved by the addition of 5 cc. of concentrated hydro- 
chloric aad per htcr and analyzed for the same elements. 

Breasts were emptied five or nx tunes every twenty 
four hours by means of a hand or electne breast pump, 
A measured amount of each milking was fed to the m 
font from a feeding bottle and a small aliquot was saved. 
The pooled ■pearaens of one or four days were lued for 
analysis. Venipunctures were done before breakfast at 
the begmnmg of each penod, but less frequently m the 
case of mfants. 

The analytical procedures for calcium and phosphorus 
m stool, unne, blood, milk and food have been given 
previously (7 13 14) The macro-Kjeldahl method was 
used for nitrogen determinations. 

HEStJETS 

CompostUon of mtlk All the lactatmg women 
included in this study were good milk providers 


TABUi n 

CompestHon of breast mUk 


Four 

penod 

Cue nr 

CsM 3a 

Coae 3a 

Caae -U 

HI 

m 

Pho*- 

pbortu 

Ni 

trOl£J2 

Vo^ 

ome 

Cal 

dam 

Pbo*- 

pbonta 

b9 

m 

Q 

H 

m 



H 

Ni 

Uocen 



Em 


— 

mtm. 


MfW. 

»SW, 

tar«. 


wr*. 

aifw* 

mtm. 


mpm 

■Sw. 

ai(M. 



**r 



£C, 



pa 

ec 

pa 

pa 

pa 

cr. 

fa 

pa 

pa 



ctnl 

uni 



cad 

cad 

cad 


cad 

cad 

cad 


cad 

esmt 

CCMt 

1 

819 

KWH 



922 

35.30 

16 21 

1805 

558 

3258 

13 69 

217 4 

498 

25 74 

1651 

241 0 

2 

936 

30 67 

22 83 


952 

3148 

15 00 

154 7 

623 

3450 

1452 

215 0 

581 

27 90 

16 85 

232 6 

3 

1041 

29 68 

20 62 


Kill 

33 20 

14 88 


6S4 

34 18 

1455 

221 7 

680 

27 80 

1755 

235 7 

4 

1116 


19.52 

249 5 

877 

34.20 

1556 


739 


15 62 

221 4 

780 

26 80 

USE] 

226 7 

5 

1146 

KiBi'yl 

18 64 

225 4 

907 

32.34 

IS 68 

167 0 

798 

liriK'i 


206 6 

867 

EijiM 

16 44 

215 2 

6 

1230 

BlKfi'f 

17 45 

226 0 

90S 

31 80 

16 83 

177 5 

837 

3359 

13 28 

213 8 

928 

liMui 

17 12 

2125 


1236 

32 06 

17 76 

222.8 

906 

WVJtiil 

15 84 

165 2 

870 

30 78 

1258 

203 0 

981 

2950 

iraiiil 

2055 


1274 

31J5 

17 16 

222 7 

902 

3158 

14 98 

188 6 

794 

28 04 

12.48 

^ i 


27 80 

iCTi:il 


HI 


iiin 

DiiM 

214 0 

906 

iVldrJ 

16 20 

1975 


28 63 

11 68 



29 50 

1456 

■HIim 


1353 

31 46 

16.38 

210.3 

976 

32.52 

15 70 

189 8 

927 

33 68 

IS 18 

4 


29 25 

1452 

185 2 

11 

1367 

30J2 


210 2 


31 94 

14 90 

IKiIil 


30 83 

13 06 

4 

1145 

27 89 

l££H 

170 8 

12 





1118 

3250 

IS 51 

1655 

■ fjUlM 

33 59 

12 08 


1184 

2750 

13 96 

1725 

13 










29 85 

fuS 

t 

1175 

29 60 

14 68 

176 4 

U 









946 

31 IS 

BeI 

£ 

imi 


13 45 

168,5 

15 









966 



1 * “ 

1200 

28,96 

Umm 

165 6 

16 









992 

28 60 

tfEii 

1 843 

1229 

27 63 


161 4 

17 









996 

29 81 


1 760 

1256 

27 19 

13 15 

156 8 

18 













1248 


12 84 

148.0 

19 










2750 

13 42 


1248 


12.14 

157 8 

20 









1132 

WSESm 

1258 


1248 

25 63 

1Z28 

160 0 

21 









1066 

27.00 

1144 

152 0 

1268 

24 41 

1254 

164 8 

22 









1008 

27 69 

U 48 

159 0 

1156 


1251 

161 6 

23 













1236 

2659 

12 91 

169 9 

24 













1138 

2559 

12 56 

159 1 

25 













1251 


1192 

1575 

26 










■ 



1310 

2253| 

12 46 

1455 


Note Studies of milk started eighteen days postpartum In Cose la two months in Case 2a one month m Caio 3a‘' 
and seventeen days m Cose 4a Wues ore expressed as daily averages for each four-day penod 
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They were all m early stages of lactation The 
milk yield, starting from SOO to 900 cc per day, 
gradually increased so that eventually it exceeded 
1 liter m Cases 2a and 3a' and 1 3 liters in Cases 
la and 4a (Table II) The average calaum con- 
tent vaned from 27 to 32 mgm per 100 cc in the 
4 cases Slight fluctuations in calaum content 
from penod to penod were noticeable, but these 
could not be definitely correlated with progression 
of time, with the institution of vitamin D, or 
with the different levels of calaum mtake How- 
ever, a descending tendency with the lapse of time 
was discermble in both the phosphorus and ni- 
trogen content, particularly in Cases 3a' and 4a, 
in which the studies extended over eighty-aght 
and one hundred and four days respectively The 
average phosphorus content was from 13 to 18 
ragm per 100 cc and the average protem was 
from 1 7 to 2 2 per cent The figures for calaum 
and phosphorus were within the limits of normal 
variation in the composition of human milk as 
compiled by Latch (11) 

Case la Mother Y W L While anatomical evi- 
dence of osteomalacia was still present dunng this study, 
the disease ^vas considered to be at the healmg stage 
due to the large mtake of calaum, phosphorus and vi- 
tamin D given durmg the last seven months of preg- 
nancy Studies began eighteen days postpartum As seen 
from Figure 1 and Table III, calaum mtake had to be 
raised to over 2 grams before a slight positive balance 
could be obtained As discussed m a previous communi- 
cation (12), this rather “extravagant^' behavior was not 
the result of vitapam D defiaency, as Vigantol given 
dunng penods 7 to 11 made no difference to the calaum 
balance. It was considered very likely that the physio- 
logical requirements durmg active lactation rendered con- 
servation very difficult and that the large amounts of 
calaum gained during pregnancy made further storage 
less urgent than m cases with less adequate preparation 
dunng pregnancy Phosphorus metabolism was parallel 
to calaum metabolism. Serum calcium and morganic 
phosphorus remamed withm low normal levels throughout 
the penod of observations 

Case lb Infaiit Y W L This mfant was normal 
in every way He was fed solely on the mother's milk. 
Metabolic observations were made for 7 four-day penods 
(penods 3 to 9) The mtake of calaum mcr cased pro- 
gressively from 280 to 363 mgm per day as milk con- 
sumption increased (Figure 1 and Table IV) The 
unnary and fecal excretion of calaum was equal in 
extent, and both were minimal so that marked positive 
calaum balances were obtamed, the average daily reten- 
tion amounting to 74 per cent of the mtake with very 
little variation from penod to period. The same may 
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INFANT Y W L 
CASE 18 










X 


4- DAY 
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Fig 1 CAiauir and Phosphorus Metabolism of 
Cases 1A and IB 

The lactating mother had healmg osteomalacia with 
adequate pnor store and subsequent administration of 
vitanun D The mfant exhibited remarkably good re- 
tention of calaum and phosphorus throughout the periods 
of observation. 
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TABUS in 

Molk«r Y W L Cau la CalcMtm^ phosphorus and nUroitn moiaboltsm tn a case of heahni osUomalacsa dunni lacUitson 

ualh adequaU vitamm D supply 


Dote 

IMS 

Period 

t<mr 

d*y 

Csldom 

eaaete per iey 

Fboephoros, ereregt per iey 

Nltioxin, (otragt per ioy 

8cntm 


Urine 


jm 

la 


Urine 

B 

Mnk 

Ba4 

•nee 

In 

take 

Urine 

Stool 

MS 

•nee 

CeL 

dum 

Pbot- 

phoru 


















mgm 

mgm 



wtsm. 

meat. 

mtm 

mtm. 

mgm. 

mgm 

«!«. 

mgm. 


MC». 

wcm. 


mgm. 

mgm. 

mgm 

per 

per 


















caU 

cent 

IV30-V3 

1 

247 

1 

427 

253 

-434 

1025 

681 

gglll 

188 

-284 

11 58 

7 01 

1 26 

2 28 

EZISI 

8 76 

4-23 

V 4>7 

2 

247 

1 

178 

287 

-219 

1025 

702 

265 

213 

-155 

11.58 


l!KM 

•uri 




V 8~il 

3 

1147 

11 

370 


-f458 

1025 

422 

274 

214 

+II5 

11.58 

7.33 

064 

Wmln 

+0 91 



VI 2-15 

4 

n47 


1162 

339 

-354 


439 

ITiXl 

217 

-233 

11 58 

7 65 

1 14 


Esiljil 



V 16-19 

5 


25 

1062 

351 


1025 

348 

341 

214 

+ 122 

11 58 

664 

108 

2.59 

+ 1 27 

923 


V20-23 

6 

2109 

46 

1635 

385 

+ 43 

1281 

398 

505 

215 

+ 163 

14.50 

7 89 

160 

2 78 

+2.23 



V24-27 ! 

7* 

2109 

40 

139^ 

396 

+275 

1281 

3S2 

473 

219 

+207 

14-50 

8 82 

143 

2 78 

+ I 47 


388 

V28-31 

8 , 

2109 

51 

1483 

399 

+176 

1281 


663 

218 

- SO 

Rku 

9 72 

I 72 

yi;;; 




VI 1-4 

9 ' 

2109 

30 

1422 

416 

+241 

1281 

444 

435 

212 

WSi 

ifMj 

9 43 

EES 


+0 82 

9.32 


VI S-8 

10 1 

2109 

44 

1591' 

426 

+ 48 

1281 

461 

548 

222 


14.50 

9 26 

1 71 

2.87 

+0 66 



VI 9-12 

a 

2109 

« 

1544, 

417 

+ 66 

1281 

434 

576 

219 

+ 52 

14 50 

940 

1 78 

290 


9 07 



399 


Tbu table Is reproduced from Quneic J PhyiioL 1937 11 292 (12) for convemence 
• Vigantol 0 6 cc. daily wa* started from thu period- 


aUo be said of the pbosphonu metabolism, the aTcrage 
daily rctentfoo bemg 80 per cent Nitrogen balance was 
likewise positiTe, approximaleJy 50 per cent of (he mtake 
behig retained. Both the calaum and phoipboros bal 
acces were much more than normal, as discussed later 
The results on this mfant show the remarkable manner 
m which the mineral elements of human milk were nti 
lued with very httlc wastage. It is very likely that the 
vitamm D present m the milk, together with the store 
of the vitamm acquired durmg the antenatal period, was 
responsible for the extreme degree of conservation In 
calcmm and phosphorus exchange exhibited by the infant 
Extra ingestion of Vigantol by the mother did not further 
improve the degree of mmcral conscrvation- 
Casf 2a. Af other C S Y This patient had tentmy 
and mdd osteoporosis of the nsuahaed long bones at the 
time of metabohe observation. As shown m Figure 2 
and Table V while on a minimal calaum mtake of 227 


mgra. per day the patient exhibited a moderately negative 
balance (period I) With the mtake raised to over 900 
mgm. the loss of calcmm was rectihed (periods 2 and 
3) but no substantial rctenboo of the dement took 
place until vitamm D was given (periods 4 to 12) The 
first 2 periods of Vigantol admnustration (1 cc. per day 
equivalent to 12,000 mtcrnational units) were without 
effect, but from the third period on, retention amounted 
to from 30 to 40 per cent of the mtake. This retenboo 
was brought about entirely by a redaction ra the fecal 
calcium output, the secretion of calaum in the milk being 
mamtained. At the height of vitamm D action (periods 
10 to 12) small amounts of calcmm appeared m the 
urme, indicating that mtestmal absorption had improved 
to such an extent as to be more than suffiaent for the 
needs of the body 

Phosphorus balance was markedly negative in the be- 
ginning but with vitamin D administration considerable 


TABLE IV 

Infant Y W L Case Jb Calcium phosphorus and ntirotm mdabclism of a presumably normal infant fed exdusiody 

on mother's mUk 


Del* 

I91S 

Period 

foQX 

d^y 

Breut 

Cklauiti, ateraga Per 

Pboepborox, tteroge per day 

Nltiocea, wragM per day 


mnic 

intnke 

1 

Urin* 

etooi 

sil- 

ence 

Reten- 

tion 

In- 

Uke 

Urine 

Etooi 

Bel 

•nee 

Rcten- 

tlon 

In- 

tain 

Urine 

Stool 

BaU 

mam 

Ketea- 

Uon 

vellht 

V 8-11 
V12-15 
V16-19 
V20-23I 
V24~27| 
V28-31, 
VI 1-4 ' 

3 1 
1 

6 1 

7* 

8 

9 

(C. 

944 
985 
995 1 
1034 1 
1027 1 
1102, 
1142 ' 


•IXM- 

18 
28 
26 
26 1 
36 1 

36 1 

mgm 

60 
36 
60 
20 1 
47 1 
36 
62 1 

+202 

+237 

+219 

+278 

+246 

+269 

+265 

72 

79 

72 

86 1 
75 ' 
78 

73 

195 
192 
185 
180 
182 
189 
185 1 

1 

«£M. 

IS 

11 

18 

7 

17 

9 

17 


cerU 

74 

72 

74 

83 

82 

92 

85 

mgm. 

2 45 
246 
2J4 
2.34 
2-23 
244 
2 45 


EtfW. 

0 24 
012 
0 27 
0 10 
019 

on 
0 11 

mgm. 

+ IJ5 
+1 16 
+ 104 
+0 99 
+1 07 
+1 24 
+1.22 

cent 

Si 

47 

46 
42 

47 

51 

SO 

ism. 

3 82 

3 97 

4 13 
430 

4 45 

1 4 73 

4 97 

1 


* Mother started to receive renewed vitamin D supply 
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^--DAY 

Fig Z Caixium; anb Phosphorus Metabousu of 
Cases 2A and 2B 

The lactating osteomalaaa mother showed poor cal- 
caum and phosphorus balances which were subsequently 
impro\ed by Vigantol therapj A similar state of af- 
fairs was reflected m the mfant (with nckets and tetany) 
xm breast m i lk . 


amounts of phosphorus were stored. The conservation 
of phosphorus, m contrast to that of calcium, was brought 
about mainly by a diminution m the urmary phosphorus 
output Serum calaum, rather low to start with, was 
raised to normal after vitamin D therapy, and inorganic 
phosphorus was increased from a normal level on ad- 
mission to a level higher than normal toward the end 
of the experiment 

This patient, then, differs from the first patient m tliat 
vitamin D therapy was capable of conserving the calcium 
and phosphorus metabolism so that not only were the 
extensive reqmrements of acUve lactation covered, but 
also considerable amounts of these minerals were retained 
in her own tissues and skeleton, which were probably m 
urgent need of reparation 

Case 2b Infant C C C The metabolism of the m 
fant (Figure 2 and Table VI) reflects that of the mother 
He was likewise admitted for tetany with evidence of 
nckets The calcium retention of 48 per cent (period 1), 
as compared with that of the first infant, was poor, and 
it remained so during periods 4 to 6 when the mother 
began to receive vitamin D But from period 7 on, the 
fecal output of calaum showed progressive reduction so 
that retention attamed 80 per cent, comparable to the best 
performance of the first mfant The reduction of fecal 
calaum was accompanied by the appearance and increase 
of calcium m the unne. 

Phosphorus balance was small m the beginning but it 
was very much mcreased after vitaram D therapy The 
average retention of phosphorus during the last 5 penods 
was 88 per cent of the intake Nitrogen retention, how- 
ever, remained around SO per cent Serum calcium m 
creased from 78 mgm at the beginning to 1132 mgm 
at the end of the experiment, while inorgamc phos 
phorus decreased from 8 0 mgm. to 5 61 mgm The 
rachitic bone changes present on admission, however, 
were not altered on discharge, the period dunng which 
the mfant was fed the breast milk of the mother receiv- 
ing vitamm D bemg only thirty-six days 

Although on roentgenologic examination there was no 
obvious evidence of healmg m the nckets of the infant 
within thirty-six days, the metabolic defects charactenstic 
of nckets and tetany were corrected This shows that 
the amount of vitamm D given to the mother was suffi 
aent to ennch her milk and to render it effective m cor- 
recUng the faulty mmeral metabolism of the mfant 
Were the period of observation extended, healing of the 
rachitic bone changes would have followed eventually 

Case 3a* Wet nurse W C S This was presumably 
a normal lactatmg woman. Her metabolic behavior (Fig- 
ure 3 and Table VII) may be taken to represent a normal 
state of affairs dunng lactation and it is closely com- 
parable to that of Case la with healed osteomalaaa. 
Marked negative balances in calaum were obtained on 
mtakes of from 186 to 505 mgm per day (penods 1 to 
6) It was only after the calaum mtakc was raised to 
about 1,500 to 2,000 mgm. that slightly posiUve balances 
began to appear (penods 7 to 11) Vitamm D m the 
form of Vigantol 1 cc. or 12,000 mlemational umU per 
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TABLE V 


Moihsr C S Y Caje 2a Co/aum pkcspharus and nUrogsn nutaboluin tn a casa of tetany and osUomalacia durtni 
laclatton b^ore and after ntamtn D therapy 


D«t« 

1M7 


CaTrftim 

«w«c* Ptr day 

PboenBonu, oecrnir ptr i*y 

Nhxoccii, s*cr«c* ptr dej 

Serum 

In 

take 

Urine 

Stool 

MBk 

Bal- 

ance 

In 

take 

Urine 

Stool 

MBk 

Bal 

ance 

In- 

take 

Urine 

StXMl 

MBk 

Bal- 

ance 

Cal- 

dum 

Pho*- 

pborua 


















■cm 

■cm 




■cm. 

wc«J 

mo»J 

■ cm. 

■cm 

mcm. 

mcm 

mcm 

■cm. 

■ cm. 

■ cm. 

■cm. 

*S» 

■pa. 

per 

per 


















cad 

c*ml 

IV 6-9 

1 

227 

6 

340 

326 

-445 

932 

296 

571 

150 

- 85 

11J4 

5 92 

2,31 

167 

+ 144 

746 

4 70 

lVlO-13 

2 

95S 

S 

671 

iSS] 

- 18 

466 

336 

331 

143 

-344 

5 67 

599 

142 

147 

-3 21 



IV14-17 1 

3 

914 

4 

446 

ESSl 

+ 164 

466 

wwm 


134 

-215 

5 67 

4 24 

0 57 

1 51 

-0 65 

8 72 

Em 

rvi8-2i 

4* 

914 

4 

613 

300 

- 3 

466 

183 

317 

135 

-169 

5 67 

466 

0 57 

1 89 

-145 



IV22-2S 

5 


9 

674 

293 

- 6 

699 

172 

442 

142 

- 57 

8 52 

544 

0 96 

mWn 

ESBI 

KUl 

ESn 

IV26-29 

6 

970 

21 

BiUl 

288 

+254' 

699 

89 

436 

153 

+ 21 

8 52 

5 27 1 

1 85 

Ira 

BSfll 



IV30 

















8 95 

+11 

V12-15 

mm 

970 

46 

223 

318 

+383 

699 

20 

299 

153 

i+227 

1 8 52 


0 97 

1 85 

+0 61 



V16-19 

n 

970 

34 

342 

329 

+265 

699 

37 

iSa 

154 

+ 138 

8 52 

5,22 

1 44 

196 

EMli] 

10 45 

6 24 

V20-23 

12 


38 

244 

360 

+328 

699 

62 

324 

174 

1+139 

1 8,52 



1 85 

m 

942 

6 52 


* Vigantol 1 cc, atarted from thia pcnod 


TABLE VI 

Infant C C C Cate Zb Calctunr phaspharut and nttroien metabdwn of a breast fed rackttic tnfani and tls response to 

ntamn D admtnuiraiton to the maiier 





Caldtun 

ewrac* Per day 


Nltroacn 

amrac* per dey 

Serum 



Pe- 











■ 












Data 

rlod 

four- 

day 



Urine 

Stool 

Sal 

ance 

— 

Se- 

ten- 

tloo 

In- 

take 



i 

1 

In 

take 

Urine 

Stool 

Bel 

Re- 

ten- 

tUm 

Cal- 

cium 

Phoa- 

pborot 

Body 

moaht 





■cm 

■cm. 

mcm- 

per 

C4*i 

mcm. 

mcm 

H 

mcm. 

Per 

eem 

wi£m* 

■cm. 

■cm. 


■cm. 

per 

real 

■CaL 

per 

mcm 

per 

ktm 

IV 

1 

6S6 


5 

105 

e 

\-\22 

48 

106 

46 


H 

h ^ 

31 

1 18 

051 

054 

e 

1-053 

28 

75 

841 

4 97 

ivu-ai 

4* 

648 

ksiM 

0 

156 

K 

r 91 

37 

118 

21 

Kfl 

- 

* 77 

65 

1.34 

OJ3 

056 

e 

-0 73 

56 



' *S2 

lV2a-35 

S 

720 

2AJ 

0 

165 

1 

r 68 

29 

113 

16 

25 

- 

• 72 

61 

1.20 

0J7 

029 

E 

4)54 

45 



4 97 

1V26-29 

6 

720 

229 

0 

131 ! 

■ 

- 98 

43 

121 

5 

.VI 


- 83 

68 

US 

043 

1 059 

E 

4L56 

** 


1 

1 S 18 

IV30-VS 

7 

810 

135 

5 ' 

79 ' 


-155 

65 

128 

5 

51 


- 71 

56 

1 \M 

058 

1 058 


4)68 

St 



5,15 

V 4-7 

8 

810 

159 

7 ' 

51 1 


-201 

78 

122 

2 

13 


-107 

88 

L53 

055 

056 

E 

-0 92 

60 



354 

V B-ll 

9 

810 

160 

18 1 

51 1 

- 

•191 

74 

131 

2 

14 

- 

-115 

88 

IjOO 

044 

053 

B 

■054 

' 52 



1 553 

V12-13 

10 

810 

264 

25 

28 ' 


-211 

80 

127 

2 

U 

- 

-112 

88 

1 134 

050 

1 058 

- 

-0 76 

1 -19 



555 

V16-19 

11 

810 

259 

31 

27 


-201 

78 

121 

1 

14 


-106 

88 

154 

0 45 

057 

- 

4LSa 




5 70 

VlO-M 

12 1 

900 1 

289 

32 

24 

1 

[-233 

81 

lU 

1 

15 

+ua 

89 

L48 

1 

0,42 

1 050 


-0 76 

' 51 

1 

1152 

' 5 61 

1 5 94 


• Mother itarting to reccivo Vigantol 1 cc, per day from this period oil 


day waa given from perioda 5 to 15 and from pcnods 16 
to 20 the doaage vraa raised to li cc- or 18^)00 mtcr 
national umla per day All this vitamm D supply did 
not seem to produce obvious changes m the calcium 
metabolism, balancea being approaomately even on levels 
of mtakc varying from 1,000 to 2,000 mgm. No sig 
mficaiit amounts of caloum appeared m the unnc, the 
paths of excretioii bcmg mainly through the bowel and 
breasts darmg moat of the periods. The absence of cal 
anm m the unne was possibly related to the very high 
phosphorus intake (periods 7 to 11) While no substan 
tial gain m calaum or phosphorus was evident after vita 
min D administration, such therapy -was probably un 
portant m enabling the subject to maintain mmeraJ 
balance in ipitc of heightened rcqulrtments dunng lacta 
tion. 

The phosphorus metabolism followed closely the cal 
cium roetaboUsm, although the unnary tract constituted by 


far the largest channel of pfiosphonis ehminatiocL Ni 
trogen gain prevailed dunng roost of the experimental 
periods. Serum caldum and inorgamc phosphorus showed 
no remarkable changes although a slight ascending tend 
cncy was discernible m both, as tone went on. 

From the observations oo this expemncntal subject, it 
may be stated that a normal wmnan with intact skeletal 
calcification is able to mamtam herself m calaum and 
phosphorus balance m the face of imncral stress incident 
to lactaboo provided that the level of intake u tuffi- 
acntly high and \utamm D supply is adequate. However 
significantly positive balance is not expected as there it 
presumably no need for it 

Case 3b Infant TNT This infant, bora of a 
mother having osteomaUaa and tetany was admitted at 
the age of three months. He presented evidence of 
moderate ncketi with very low serum calaum and high 
morganic phosphorus. During pcnods A B anej. 
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WET NURSE WCS 


CASE 3a' 


LEGENDS 
+- INTAKE 

OUTPUT IN MILK 
II IN STOOL 
II INURINE 


IHNil 


[Mi! 


ml 


im\ 




MHiS 


VIGANTOL ICC DAILY 


VIGANTOL 
1 5 CC DAILY 



PERIOD ABC 1 2 3 4 5 0 7 5 9 10 II 12 13 V4 13 IS 17 19 20 

4- DAY 

Fig 3 Calcium akd Phosphorus METABOLisai of Cases 3A^ and 3B 

The wet nurse was presumably normal, although the Vigantol given probably 
helped her m maintaming mmcral balance. The mfant with rickets and tetany did 
poorly on Klun and on breast milk of the wet nurse until vitamm D was given to 
the latter Then remarkably good mmeral retention occurred in the infant 
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table vu 


Wei nurse W C S Case 3a^ Calctum^ phosphorus and niiroisn meiabolwif of a presumably normal ladaiini ttwwaft 

b^ore and after viiamut D therapy 


Dst* 

19M 

Period 

lour 

day 

Csldtmi. eetraee ptr ioj 

Fhospborus, mentt* 3<y 

NUrotcu. tfvcrsff ptr day 

Serum 

m 

Urine 


^21 

m 

m 

Urine 



Bel 

sacs 

m 

B 

Stool 

Qm 

11 


Phos- 

phorus 














SB 





WSM. 

•sw. 



msm 


•I*. 


■n" 

MXW. 

»«s« 

mewiJ 

mem. 

MfM 



eremS 

tr«»u 

erame 


t*r 



















teui 

enu 

119-21 

1 

186 

8 

278 

180 

-280 

930 

616 

288 

76 

- 30 


7 69 

162 

lOl 

E 

-105 

8.42 

3 15 

123-26 

2 

186 

5 

170 

113 

-201 

930 

760 

156 

89 

- 75 



102 

104 

B 



307 

127-30 

3 

503 

u 

mm 

223 

-152 

1137 

666 

350 

93 

t 

13 76 

8J9 

169 

mwrm 

1 


SHE 


Ul-IU 

4 

5<1J 

3 

238 

227 

+ 35 

1137 

70^ 

331 

116 

+ 2 

U 76 

7 92 

I 60 

164 

E 




n 4-7 

5* 

505 


333 

247 

-280 

1157 

910 

472 

111 

-336 

UJ6 

7 44 

23)1 

1 63 

- 

-266 



U 8-U 

6 

503 

3 

KxO 

180 

-151 

1157 

986 

327 

111 

-267 

13 76 

805 

166 

■VTb 

E 

-266 



1112-15 

7 



Dni 

268 

t 

2744 

1708 

853 

108 


13 76 

8.10 



- 

-161 



1116-19 

8 



KIl 

223 

+312 

27U 

1624 

428 

99 

+593 

U 76 




E 




1120-23 1 

9 



1361 

229 

-101 

2744 

156* 

762 

93 

+321 

13 76 




E 




1114-27 ! 

to 



IQSl 

312 

+ 47 

2384 

1630 ! 

585 

HI 

EKJ 

10 72 




B 


£ 


IIIS-IIU 

tl 

Kim 


1391 

303 

+ 32 

2384 

1620 

556 

U3 

Exa 

10 72j 

SA4 

Kie4b 

■k«tB 

1 

-lOO 

£ 


m 4-7 

n ! 

963 

1 


338 

-334 

797 

366 1 

301 

122 

t 8 

10 72 

707 



E 

669 



HI 8-11 1 

u 

965 

4 


293 

+189 

797 

436 1 

181 

116 

T « 

10 72 

709 


178 

- 

rOJl 



11112-15 

14 ' 

965 

2 


295 

+ 94 

797 ! 

453 ' 

200 

109 

+ 35 

10 72 

66* 

004 

mEM 

E 

-106 

969 

40* 

III16-19 ! 

13 1 

948 

2 


293 1 

+ 30 1 

725 1 

377 1 

210 1 

112 

-174 

8.92 

7 74 

0 98 

1 77 

- 

-107 

802 

462 

11120-23 

16 

948 

0 

690 

284 ' 

- 26 

725 

508 

214 ' 

114 

-111 

8.92 

607 

106 

1.83 

- 

-164 

961 

4A9 

11124-27 

n 1 

948 

1 

592 

297 1 

+ 58| 

723 1 

436 

177 

U6 

- 14 

8 92 

6 12 

161 

1 75 

+064 

860 

4 16 

iim-3i 

u 

















ESSl 

400 

IV 1-4 

19 

1121 

28 

1249 

303 

-359 

1174 

469 

937 

146 

-378 

16313 

9 11 

206 

2Jl 

E 

-207 


466 

IV 5-8 

20 

1221 

60 

948 

307 

- 94 

1174 

1 

501 

1 

575 

1 

139 

1 

- 41 

16J15| 

10 45 


206 


1-166 


406 


* Vigantol I cc. da3y starting from this pcnod oo. 


TABLE vin 


Infant TNT Case 3b Calaum phosphorus and ntiroien vutabolssnt of a raciuu: infant on cow’s milk breast nttlk 
from the wet nurse ami combtnaitons thereof 



1 

>mv 

bufcs 

Csldmo, «*ir«ts jw ^ 

Fbosiihctntii ««n|« prdsy 

NittncM, iJtrs^ ptr day 


m 


1 

l§ 

J 

1 

1 

i 

1 

1 

1 

j 

1 

1 

1 

1 

1 

1 


1 

1 

1 

j 

1 

1 

1 

I 

li 

1 

M 

1 



B 

B 

««m. 




N* 

ttmi 


mem. 

H 

1 

S 

z 

yrm 

m 

m 

troju 

8*r 

Cad 




m 

B 

tp». 

ESS3 

A 

B 

68 

4* 

T9S 

820 

1075 

1095 

0 

3 

*2* 

6*0 


1-516 

131 

33 

31 

7U 

T71 

4U 

430 

504 

3U 


rlW 
- 03 

11 

466 

AU 

166 

266 

0.43 

0.45 

±?S 

34 

10 



13J4 



5.72 

569 

xim-u 

0 

2* 

703 

038 

1 

744 

- 

[-163 

31 

683 

411 

231 


■ 35 


. 

363 

266 

0.43 

+064 

37 


B 





*67 

],hn 




















EShl 

664 

766 



166 

1 1 

430 

450 

T75 

0 

lyri 


tss 

31 

460 

180 

16S 


34 

US 

LSI 

064 


41 

■It J 

6.40 


90 


541 

m-3* 

3 

420 

410 

780 

1 

wM 


40 

4U 

383 

104 

30 

167 

163 

0.40 

35 

Eo 

*67 


M 


|au 

m 






















*68 

563 




840 

n 8-11 






















&a« 

4.73 




661 

5* 

430 


711 

0 

494 


m 

<33 

389 

01 

+ 70 
+ 69 

18 

361 

165 

06S 


38 

560 

464 


73 


125 

« 

450 

353 

633 

1 

420 


491 

US 

74 

EH 

363 

164 

068 

n 

764 


i 

70 


86* 

mo 






■ 









■ 






1063 

46* 




863 

mo-n 

9 

U8 

3W 

179 

1 

147 

+4*1 

71 

393 

lU 

36 




163 

Ui 



38 

*.40 

A16 

k47 



665 

KiRSTl 

10 

403 

175 

m 

3 

371 


-347 

55 

431 

304 

a 


■174 

VTB 

364 

160 

063 

-f4Tt 

29 

960 

*63 

4*0 


644 

111 t-11 

El 

780 

0 

71* ' 

18 

115 


-5*8 

*3 

499 

137 

38 


334 


L79 

0.79 

063 


<3 


B 




868 

mis-u 

ta 

■780 

0 

757 1 

17 

105 



81 

560 

111 

35 


r337 


1 US 

063 

067 


: 47 

1061 

56* 


480 

4X3 

4.45 

U120-33 

ni 

623 

0 

545 

11 

98 



80 

5U 

354 

37 


561 

vll 

L30 

068 

661 

t^l&S 

1 38 


fl 



3£3 

*2 

661 

imi-27 

17 

TOl 

0 

*44 

23 

in 

E 

-499 

71 

560 

371 

3* 


rl»l 



06* 

064 

-HUIT 

. 44 

10.49 

*67 


4*3 

423 

868 

IV 1-1 

in 

0. 

768' 

004^ 

53 

50* 



44 

779 

118 

1 108 


-335 

BTfl 


1 *63 

067 

4-l« 

1 33 


B 





•63 

lY 8-8 


0 

644| 

I3«l 

37 

**1 

J 


*3 

661 

300 

81 


r3n 

■1 

la 

366 

063 

+L00 

13 

1060 
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(1) The small amounts of breast jriven during periods A, B and C were from the mother (Case 3a) and the breast 
milk for the rest of the periods was sup]^ed by the vet nurse (Case 3a' Table II) 

(2) KHm” used for periods A, B and C was analyaed to contain 132*S mjpL calaum, 93 9 mgm, phoipbcms and 

0 492 grams nitrogen per 100 cc. while that foe the remaining periods, 129.2 mgm calcium 94.4 mgm phosphorus 
and 0 484 grams mtrogen per 100 cc. The lormnla was made up oy dissolving one part of KUm whole milk powder m 
eight parts of water , , .... j r j .r 

(3) Caldura given in periods 1-2 was m the form of 10 per cent gluconate latramuscularly that in periods 5 and 0 
3 per cent gluconate by nwuth and that m pencxis 13-*17 7 7 per cent lactate by mouth. Phosphorus was given as 
disodlum p^phate solatia per os. 

* Wet nurse starting to receive vitamin D from this period. 
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(Figure 3 and Table VIII) while on a Klim formula 
(with small amounts of breast milk from the mother) 
providing about 1,000 mgm of calcium, large amounts 
of calcium came out m the stools, leaving a net reten- 
tion of only 21 to 23 per cent of the intake. Phos- 
phorus retention was even poorer, being 4 to 18 per 
cent Serum calaum went down to as low as 477 mgm 
per cent, whereupon convulsive seizures occurred Evi- 
dently the mfant, like the mother, was markedly defiuent 
m vitamm D 

After the manifest tetany was brought under control 
by means of parenteral calaum therapy, metabolic obser- 
vations were resumed, and breast fcedmg from the wet 
nurse was begun. Penods 1 and 2 served as control for 
a regimen of " half breast milk and half Klim formula " 
furnishing from 600 to 800 mgm. of calcium and from 
400 to 500 mgm. of phosphorus On this regimen the 
retention of both elements was distinctly poor, though 
slightly better than durmg periods A to C when Klim 
constituted almost the sole source of nutrients This 
mdicates that the wet nurse pnor to vitaram D supple- 
ments, while capable of mamtaming her skeleton intact 
for a time, was probably unable to secrete milk of suf- 
ficiently high antirachitic potency to correct the metabolic 
defect of the infant 

From period 5 on the wet nurse received vitamin D 
The effect of this supplement to the imlk provider on 
the infant’s metabolism was not evident dunng the first 
2 periods (periods 5 and 6), but subsequently consider- 
able improvement was noticed Durmg penods 9 and 
10, calcium retention rose to 56 to 73 per cent and phos- 
phorus retention to 41 to 49 per cent The best per- 
formance came dunng penods 13, 14, 16 and 17, when 
breast milk from the wet nurse alone was fed with 
additions of calaum lactate and disodium phosphate to 
mamtam the calaum and phosphorus mtake. Here the 
average calaum retention of the 4 penods amounted to 
81 per cent, and the average phosphorus retention to 50 
per cent of the mtake. The high degree of retention of 
calaum ivas brought about entirely by a reduction in 
the stool elimination, while that of phosphorus was 
caused by a reduction m both the urme and stool ex- 
cretion. 

The last 2 penods were devoted to a study of the 
effects of feedmg Klim alone comparable to the regimen 
m penods A to C While vitamm D was still operative, 
as it was presumably so durmg penods 19 and 20, both 
calaum and phosphorus retention were decidedly better 
than during penods A to C when marked vitamm D 
dcfiaency had existed. However, the degree of reten- 
tion was not as good as dunng the exclusive breast-feed- 
mg penods, possibly suggesting certam peculiarities m 
the cow’s milk that rendered its mineral contents less 
readily absorbable. 

The behavior of serum calaum is worth noting After 
it reached its lowest ebb with the onset of convulsions, 
parenteral calaum was capable of raising it only just 
enough to stop the convulsions , but wth the fcedmg of 


** vitammized " breast milk it rose prcapitously to normal 
m the course of twelve days, and remained so throughout 
the balance of the expenment Serum inorganic phos 
phonis, high to start with, went down to below normal 
when serum calcium reached the normal level, and subse 
quently it also rose to normal 

Comading with the correction of the biochemical ab 
normalities, there was clinical improvement as well as 
roentgenologic evidence of healing of the rachitic bone 
changes m the course of a little over two montlis 

Case 4a Mother IV H S This patient had active 
osteomalaaa with slightly low serum calcium and mark- 
edly low serum inorganic phosphorus She was admitted 
at the eighth month of pregnancy, and metabolic obscr 
vation dunng the latter part of gestation showed that 
even balances were obtamed on high levels of calcium 
mtake and that the administration of Vigantol, 5 cc 
daily for four days, was followed by progressive and 
marked retention of calaum and phosphorus, and a rc 
turn of serum calaum and inorgamc phosphorus to nor- 
mal The Vigantol given for the above-stated period, 
together ivith cod liver oil m 30 cc. daily doses for six 
days immediately postpartum, constituted the only supply 
of vitamin D pnor to the studies on lactation 

As shown in Figure 4 and Table IX, metabolic obser 
vations, begun seventeen days postpartum, were continued 
for 26 four-day periods on mtakes of calcium rangmg 
from 1,407 to 1,656 mgm per day No vitamm D was 
supphed until the 19th period when Vigantol was started 
m daily doses of 2 cc. or 24,000 mtemational units and 
continued for the remainder of the experiment During 
the first 18 penods without vitamm D, the calaum bal- 
ances showed considerable fluctuation. However, the 
trend is one of progressive loss of calaum from the 
body If the 18 periods are divided mto 3 senes of 6 
penods each, and the balances in each senes averaged, 
one obtains a daily calaum balance of + 9 mgm , — 19 
mgm. and — 70 mgm. for penods 1 to 6, 7 to 12 and 13 
to 18, respectively This progressive weakening of cal- 
cium balance mdicates most probably that the limited 
amount of vitamin D recaved prior to the studies was 
gradually bemg depleted m the course of three or four 
months Another sign of vitamm D depletion, or rather 
defiaent mtestinal absorption, is the dimmution and dis- 
appearance of urmary calaum with a correspondingly 
mcreased stool calaum. 

After vitamm D therapy (beginning with period 19), 
the situation was entirely reversed Stool calaum grad 
ually decreased while urinary calaum returned But the 
conservation through the bowel was much greater in 
extent than the loss through the urinary tract and, as a 
result, the balance became increasingly positive. The 
average daily calaum retention for the 8 penods 
amounted to 133 mgm Thus vitamin D administration 
durmg lactation m a woman with skeletal decalafication, 
similar to Case 2a, was capable of conserving the metab- 
olism of calaum to such an extent as to enable her not 
only to meet the strenuous requirements of lactation, but 
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4-DAY 


Fic. 4 Calqum akb pHOiraonas Metabolism of Cases 4A and 4B 
The mother with, osteoculacia. a lumtcd amount of vitamm D prior to study 
showed increasing mineral loss as observatioa proceeded until Vigantol was given, 
mfant exhibited good retention of calaum and phosphorus throughont, but a decrease, 
later disappearance of urinary caldum with corresponding increase of fecal calcnim 
cuTTcd while the mother was being depleted of Yitamin D Rcinstitution of vitamin D 
therapy m the mr>th#r brought about a reversal in the partition of xaloum between unnary 
and fecal elumnatioa. 
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TABLE IX 

Mother WHS Case 4a Caktunit phosphorus and nitrogen metabolism in a case of osteomalacia during lactation at van 

ous states of vitamin D nutrition 


Date 

1938 

Four- 

day 

I)enod 

Caldum 

average per day 

PhoBphorm average per day 

NitroKCD average per day 

Serum 

In- 

take 

Urine 

Stool 

Milk 

Bal 

ance 

In 

take 

Urine 

Stool 

Milk 

Bal 

ance 

- 

In 

take 

Urine 

Stool 

MUk 

Bal 

ance 

Cal 

dum 

Phos 

phorua 

Phoa 

pha 

lose 


















mgm 

mgm 




mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

grams 

grams 

grams 

grams 

grams 

per 

prr 

units 


















cent 

cent 


1124-27 

1 

1407 

83 

924 

128 

+272 

812 

480 

360 

82 

-110 

10 61 

6 70 

1J4 

1 19 

+ 1,38 

8 64 

5 97 


I128-1TI3 

2 

1407 

103 

1191 

162 

- 49 

812 

405 

452 

98 

-143 

10 61 

6 10 

160 

1 45 

+ l 46 

8 16 

400 


III 4-7 

3 

1407 

51 

1378 

189 

-211 

812 

364 

507 

121 

-180 

10 61 

6 15 

1 81 

1 60 

+ 105 

8 23 

3 97 

3 61 

HI 8-U 

4 

1409 

45 

982 

209 

+ 174 

743 

352 

389 

133 

-131 

9 95 

5 69 

1 20 

1 77 

+ 1 29 

8 44 

4 22 


III 12-15 

5 

1407 

67 

1167 

261 

- 88 

812 

390 

418 

142 

-138 

10 61 

5 72 

141 

1,86 

-i-1 62 

9 10 

436 


11116-19 

6 

1407 

60 

1108 

282 

- 43 

812 

426 

417 

159 

-190 

10 61 

5 72 

1 10 

197 

+1 82 

8 74 

4 48 


11120-23 

7 

1407 

34 

SU 

287 

+274 

812 

364 

290 

159 

- 1 

10 61 

5 79 

0 89 

2 01 

+ 1 92 

9 20 

430 

2 76 

III24-27 

S 

1407 

33 

1280 

281 

-187 

812 

401 

481 

167 

-237 

10 61 

5 77 

1 27 

2 00 

+ 1 57 

931 

4 40 


III28-31 

9 ' 

1407 

31 

819 

316 

+241 

812 

381 

287 

154 

- 10 

10 61 

7 63 

0 64 

2 05 

+0 29 

9 08 

404 


IV 1-4 

10 

1407 

6 

1218 

318 

-135 

812 

287 

433 

157 

- 65 

10 61 

6 72 

1 24 

2 00 

+0 65 

9 48 

4 53 


IV 5-8 

It 1 

1492 

4 

1443 

319 

-274 

10^ 

294 

553 

161 

t 

12 96 

7 19 

1 75 

1 96 

+2 06 

9 80 

464 

338 

rV 9-12 

12 * 

1492 

31 

1168 

323 

- 30 

1065 

402 

474 

165 

+ 24 

12 96 

6 86 

153 

2 04 

+2,53 

9,24 

4 48 


rV 13-16 

13 

1492 

11 

1120 1 

348 ' 

+ 13 ' 

1065 

441 

474 

173 ' 

- 23 

12 96 

8 76 1 

1J6 

2 07 

+0 77 

9 24 1 

4 78 


IV17-20 

14 

1492 

6 ; 

1478 1 

348 ; 

-340 

1065 

396 

570 

159 

- 60 

12 96 

7 40 1 

1J5 

2 00 

+2 01 

9 20 1 

4 53 


IV21-24 

15 , 

1492 

3 , 

1192 

348 , 

- 51 

3065 

413 

459 

176 ' 

+ 17 , 

12 96' 

8 10 

142 

1 99 

+ 1 45 

8 93 

432 

234 

IV25-28 

16 1 

1492 1 

0 1 

1176 

340 

- 24 

1065 1 

475 1 

474 1 

161 

+ 35 1 

12 96 

9 90 

145 

198 

-037 

9 19 

4 72 


m9-V2 1 

17 

16561 

21 

1374 

341 

- 80 

1006 

340 1 

502 1 

165 

- 1 

14 84 

S 40 

I 78 

197 1 

+2 69 

9 10 

437 


V 3-6 ' 

18 

1656 i 

48 

1233 

321 

+ 63 

1006 

354 1 

458 

160 

+ 34 

14 84 

8 14 

1 86 

185 i 

+2 99 


439 


V 7-10 

19* 

1656 1 

13 

1250 

326 

+ 67 

1006 

401 1 

466 1 

152 

- 13 

14 84 

8,81 

1 99 

197 1 

+2 07 

834 

4 07 


VU-U 

20 

1656 ! 

31 

1151 

320 

+ 154 

1006 

396 

463 1 

153 

- 6 

14 84 

8 94 

175 

199 1 


9 02 

434 


V15-18 

21 

1656 

124 

1048 

310 

+ 174 

1006 

328 

494 

156 

+ 28 

14 84 

8 92 

2 28 

209 1 

+ 1 55 

830 

4 44 


V 19-22 

22 

1656 

173 

1105 

323 

+ 55 

1006 

284 

428 

153 

+241 

14,84 

8:24 

1 86 

2 01 1 

+2 73 

938 

4 24 

2 86 

V23-26 

23 

1656 

182 

933 

329 

+ 112 

1006 

339 

398 

160 

+109 

14,84 

8 62 

1 72 

2 10 

+2 40 

9 19 

4 00 


V27-30 

1 24 

1537 

62 

1042 

287 

+146 

587 

4S7 

342 

143 

;-355 

; 8 42 

1 6 43 

, 108 

181 

-0 90 

; 934 

4 43 

j 1 85 

V31-V13 

25s 

1656 

180 

954 

314 

+208 

1006 

241 

425 

149 

+ 191 

1 14 84 

7 89 

157 

197 

+3 41 

9 44 

4 20 


V14-7 

1 26\ 

1656 

268 

943 

295 

+ 150 

1006 

363 

401 

163 

+ 79 

14 84 

1 8J8 

161 

190 

+2 95 

I 931 

435 

1 2 18 


* Vigantol 2 ct daily starting from this period 


also to retain considerable amounts of the mmeral for 
the replemshment^ of the skeletal store 

Phosphorus b^ilances were mainly negative, cspeaally 
durmg periods Jl to 10 when the mtake was relatively 
low But after vitamin D therapy substantial amounts 
of phosphorus were retamecL Serum calcium and m- 
organic phosphorus were maintained at fairly steady 
levels / 

Case 4b tnfant WHS This was a normal baby 
Although his mother (Case 4a) had acUve osteomalaaa 
during pra^ancy, the vitamm D given durmg the latter 
part of gestation, albeit limited in amount, might have 
contnbi^^ to the relative wellbeing of the mfant from 
the standpoint of mmeral metabolism. While exclusively 
fed on the mother*s milk, the calcium, phosphorus and 
nitrogen balances of the infant were studied pan passu 
with those of the mother, although with him 2 periods 
of actual study were alternated with 2 “rest” periods 
Comparable to the normal mfant (Case lb) and the 2 
rachitic mfants (Cases 2b and 3b) following feeding 
with breast milk “vitanumzed” via the mother, this m- 
fant showed such avidity in retaining calcium and phos- 
phorus that he left only small amounts of these elements 
to be eliminated m the urme and stool As shown in 
Figure 4 and Table X approxunately 80 per cent of the 
calaum and 90 per cent of the phosphorus m the milk 
were retamecL 

As the mother was being depleted of vitamm D, the 
infant began to show a slight decrease m calcium re- 
tention (penods 13 to 18) What is more stnkmg is 


the behavior of the unnary and stool calcium As im- 
poverishment of vitamin D proceeded m the mother, 
there was m the mfant a progressive decrease m the 
urinary calaum to the pomt of disappearance, comadmg 
with a steady mcrease m the stool calcium. 

This phenomenon was mterpreted as an early sign of 
vitamm D defiaency, because when the mother began 
to be replenished with vitamm D, the mfant showed a 
return of urmary calcium with a correspondmg decrease 
of stool calaum The net gam of calcium was somewhat 
better durmg the last 4 periods (periods 21 to 22 and 
25 to 26) of observation when the mother was receiving 
Vigantol 

It IS of mterest to note that throughout the entire 26 
penods, the phosphorus retention was mamtamed at the 
pmform high level of 90 per cent with very little varia- 
tion m the partition of phosphorus between the unne and 
the stool, suggesting that phosphorus metabolism was 
possibly a less sensitive mdex of vitamin D nutrition 
than calaum metabolism. 

Both the serum calaum and inorganic phosphorus were 
mamtamed withm normal limits throughout the periods 
of observation. However, there seemed to be a decline 
m both elements toward the end of the depletion period 
m the mother, with a return to the initial levels subse- 
quently when the mother was being replenished with 
vitamm D 

Roentgenograms of the wrists taken periodically revealed 
that the epiphyseal lines, normal to start with, began 
to be fuzzy with “Iippmg” at the end of the period of 
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depletion m the mother Alter the mfant had received 
for a month breaat milk from the mother being given 
vrtamm D x ray ihowed HDproveiuent in what were 
conjidcrcd to be the early changes of nckets, 

DISCUSSION 

Observations made simultaneoiisly on the cal 
amn, phosphorus and mtrogen metabolism of the 
lactatjng mother and of the breast milk-fed infant 
of the type recorded m the present commumcation 
have not been reported m the literature as far as 
we arc aware. Yet such experiments are of un 
portance m throwing light on the nature and ex- 
tent of the relationship between the maternal and 
infantile nutrition by way of the breast milk 
From the results presented several points of in- 
terest may be mentioned 

Maternal inetabolism during lactation It is 
generally accepted that considerable difficulty 
exists m mamtammg women m mineral balance 
during lactation Hunscher (10) and Hummel 
and associates (9) faded to maintam actively 
nursing women m calaum balance on very high 
intake (3 to 4 grams per day) durmg the early 
part of lactation. Only dunng late lactation, 
when milk flow diminished, was calaum stored 
(5) Supplementing the usual home diets with 
cod hver oil although improvmg the calaum bal 
anccj, did not always change a negative to a posi 
bve balance (15) Garry and Stiven (6) who 
have reviewed the recent hterature on dietary re- 


quirements in pregnancy and lactation, recom- 
mend 1 to 2 grams of calaum for milk yields of 
from 500 to 1 000 cc, and calaum contents from 
20 to 30 mgm, per 100 cc. milk 

To insure the proper utihzation of the above- 
recommended amount of calaum mtake, vitamm 
D must be added Thus all the 4 lactatmg women 
studied maintained themselves m calaum balance 
on mtakes between 1 to 2 grams when vitamm D 
was operative These data are especially sigmfi 
cant when it is remembered that they were ob- 
tamed from women m early lactation with milk 
yields exceeding one liter a day and calaum con 
tent more than 25 mgm per 100 cc. On the other 
hand when vitamm D was defiaent (Case 2a) or 
bemg depleted (Case 4a), negative balance pre- 
vailed. Therefore, some of the reported difficul 
ties m mamtammg calaum balance m lactation on 
relatively high mtake can be as justly attributed to 
vitamm D undemutribon as to the heightened 
requirements of this phase of the reproduebve 
cycle. 

To the woman with pnor vitamm D and cal 
cium dcfiaen<y as m osteomalacia the administra- 
bon of vitamm D has the added importance of 
making it possible for her to store calaum for her 
skeletal replenishment m the face of extra dram 
of lactaboru This is amply illustrated by the data 
obtained from Cases 2a and 4a. 

The situabon m late lactabon, when the milk 
flow diminishes, may be less stringent Of the 


TABLH X 

Irifant TV ff S Case 4b Calaum, phosphorus and ntiroien metabolism of a preswnably normal breast-fed tnfant skomnz 
ckanzes aus to ik* varymz state of viiatntn D nulniCan m ike motker 
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TA3LE M 


Daia sdccUd and (werag^Jrom Tables IV, VI, 
for compartson with the maximum recorded 


VIII andX to shrm the calaum reltnlioyi of the infants %n the present study 
reiailvon of breast fed infants compiled from the literature by Latch \ll) 
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♦ Beginam^ vitamin D defiaency may be present dunng these periods 
t Intake raised by the addition of calaum lactate 


5 lactabng women reported on m a previous paper 
(16), 4 were in relatively late lactation with milk 
yields ranging from 280 to 460 cc per day, and it 
was possible for them to store calcium on intakes 
varying from 400 to 700 mgm However, this 
"was possible only after the exhibition of vitamin 
D 

Metabobstn of breasi^fed mfants In 1937 
Leitch (11) assembled all available recent data on 
calcium metabolism of normal infants fed ex- 
clusively on breast milk The maximum recorded 
retention for the entire senes was shown for each 
monthly penod from the first to the sixth month 
This ranged from 65 to 142 mgm per day or from 
29 to 68 per cent of the mtake In each instance 
the amount of calcium retamed feU very much 
short of the requirement of 170 to 310 mgm cal- 
culated for skeletal growth to maintam the calaum 
content of the body at 10 grams per kgm Should 
such a state prevail, a skeleton of more inferior 
grade of calcification than that at birth would be 
built up, leading to nckets and osteoporosis 
Leitch finds it difficult to reconcile his calculatioa 
with the anomalous situation where feeding of 
breast milk, the natural food for the mfant, would 
lead to detenoration of the skeleton 

A review of the data on the 4 infants included 
m the present work (rearranged m Table XI) 
suggests that such an anomalous position need not 
arise if milk intake is adequate and if vitarrun D is 
operative When such was the case, each of the 
4 mfants showed an average daily retention ap- 
proaching the ideal calculated by Leitch and ex- 
ceeding the maximum retention recorded m the 


literature The explanation for such excellent 
retention m our infants is probably two-fold 
First, the quantities of breast milk consumed were 
sufficient to provide a total mtake of calaum to 
meet the reqmrement Second, by virtue of the 
conserving and absorption-promoting action of 
vitamm D, the retention of calaum became ex- 
ceedingly effiaent, from 76 to 86 per cent of the 
intake bemg retained It is true that 2 of the 
infants (Cases 2b and 3b) had nckets in which 
vitamin D treatment should give nse to extra- 
ordinary retention to restore the depleted skeletal 
store However, the other 2 infants, who bad no 
nckets to start with, exhibited the same high de- 
gree of calcium retention, suggesting that breast 
feeding in adequate amounts, fortified by vitamin 
D, would lead to normal skeletal growth of the 
mfant 

Vitavun D m human milk The position of the 
vitamm D content of human milk is rather vague 
Hess (8) has demonstrated that, whereas 25 cc 
of ordinary human milk daily faded to cute nckets 
m rats, the same could be made effective by treat- 
ing the mother with ultraviolet irradiation Out- 
house, Macy and Brekke (22) reported that 
pooled milk from wet nurses on an average Amer- 
ican dietary m amounts of 25, 30, or 40 cc daily 
contained no antirachitic factor as tested on 
rachitic rats, although 30 cc of cow^s mdk fed 
daily mduced marked healmg Bunker, Hams 
and Eustis (2) found that milk of human mothers 
fed previously on '' vitamin D ** mdk of the cow 
was potent in the antirachitic factor for the rat 

When the antirachitic potency of breast milk 
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from mothers receivmg vi tamin D supplements is 
tested on the infant, it is generally believed that 
some though uncertain degree of protection is 
transferable to the suckling children. Weech 
(24) m a survey of 47 infants breast fed by 
mothers given cod hver oil, found that the d^rce 
of intensity of the rachitic process as judged by 
roentgenograms of ^v^^sts and the product of 
serum calcium and phosphorus was inversely pro 
portional to the amount of cod liver oil adminis 
tered Even m the group of 4 women receiving 
the largest amount of cod liver oil (SO to 60 ounces 
in six months) 2 of the mfants had x ray evi 
dcnce of nekets Barnes, Cope, Hunscher and 
Brckke (1) studied a woman whose diet \va3 
superior in quality and, m addition was fortified 
with 2 quarts of cow s milk daily m which 300 
units of a vitamm D concentrate was incorporated 
It was found that the milk secreted was not suf 
fiacntly enriched by vitamm D to heal nekets m 
3 colored infants or in experimental rachitic rats 
Her own breast fed baby, however, showed no 
signs of nekets throughout the investigation 

From the observations presented in this paper 
there is no doubt that the administration of vita- 
min D to the mother m ordinary therapeutic doses 
(12,000 to 24 000 mtcmational units) is capable 
of sufficiently enrichmg her milk by vitamm D to 
prevent (Cases lb and 4b) or cure (Cases 2b and 
3b) nekets m the mfant When vitamm D is 
withheld from the mother for a penod of three 
months or so, as m Case 4a, her milk will be suf 
fiaently impovenshcd to produce early evidence 
of vitamm D deficiency in the mfant This dem 
onstrates m a somc^vhat novel way the depend- 
ence of the infant on the mother from the stand- 
point of vitamm D nutntion via breast milk. 

Imporiancc of vitamin D supplement to the 
mother during lactation It is usually recom 
mended that mfants be started with vitamin D 
supplements m the early months of hfe, whfle 
nursing mothers receive relatively scant attention 
in this respect This work should give credence 
to the view that it is just as important to supple- 
ment the mother as the child, if not more so 
Vitamin D administration to the lactating mother 
15 necessary to mamtam her m balance m case her 
skeletal store is normal and to enable her to store 
calaum if she has pnor skeletal depletion as m 
ostcomalaaa In adequate doses the administra 


tion of vitamin D to the mother would supply her 
milk with antirachitic properties sufficient for the 
care of the child 

The minima] dosage for the mother that would 
be efficaaous both for the mother and for the m 
font IS not determined The daily dosage of 12 - 
000 to 24,000 international umts is probably more 
than the minimal effective doseu Nor is there 
evidence to indicate that such dosage need be kept 
up unmtemiptedly throughout the nursing period 
However to render a relatively small dosage of 
vitamm D effective it is important that the level 
of calcium mtake be raised over the ordinary re 
quiremenL The recommended amount of 1 to 
2 grams of calcium per day will hkely be suffiaent 
for the purpose. 

SUMMARY 

1 Data on calaum phosphorus and nitrogen 
metabolism were obtamed on 4 women while they 
were supplymg breast milk to 4 mfants from 
whom similar data ivcre secured at the same time, 
showmg mtimate relationship in the state of vita- 
mm D nutntion between the mother and the m 
fant dunng the nursing penod. 

2 In the first set of cases the mother had 
healing ostcomalaaa with good retention of cal- 
aum and abundant store of vitamm D dunng 
gestation, and the mfant was bom normal Dur- 
ing lactation the mother mamtained herself in 
mmeral balance on relatively high intake, while 
the infant retained the major portion of the cal 
aum and phosphorus mtake m the raiDc. 

3 The second pair of cases consisted of a 
mother with ostcomalaaa and tetany and her m 
faijt with nekets and tetany Both showed poor 
retention of calaum and phosphorus but after 
vitamin D administration to the mother, the meta 
bohe defects of the mother as well as the infant 
were corrected The mother, as a result of vita- 
mm D therapy ^vas able to absorb sufficient 
ramerals not only for the heightened requirements 
of lactation but also for the reparation of her dc 
pletcd skeletal store. The infant after receivmg 
the ' vitammizcd milk, showed markedly im- 
proved mmeral retention. 

4 The third experiment was on a presumably 
normal wet nurse supplying breast milk to a 
rachitic mfant bom of an ostcomalaac mother 
The wet nurse had to have her calaum intake 
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raised to 1 5 to 2 0 grams before she was able to 
maintain balance The vitamin D given subse- 
quently probably contributed to this favorable 
state of affairs The infant showed poor calaum 
and phosphorus retention while on a Klim formula 
and on breast milk pnor to vitamin D administra- 
tion to the wet nurse , but after such supplement, 
the infant was very much improved m mineral 
retention as well as m the rachitic bone changes 

5 The last senes of observations was made on 
an osteomalaac mother and her infant The 
mother had a limited period of vitamin D therapy 
dunng gestation with suffiaent improvement in 
her metabohc disorder to give birth to a normal 
baby Dunng lactation while vitamin D was be- 
mg withheld, she began to show negative mineral 
balance on relatively high intake , and subse- 
quently, when vitamin D therapy was remstituted, 
good retention of calaum and phosphorus The 
mfant exhibited excellent mmeral retention 
throughout the penod of study, but as the mother 
was being depleted of vitamm D, the urmary 
calaum excretion, diminished and disappeared, 
corresponding with an mcrease m the stool This 
phenomenon was interpreted as an early sign of 
vitamm D deficiency, for subsequent supply of 
vitamm D to the mother induced a reversal in 
the partition of calaum elimination between the 
unne and stool in favor of the former 

CASE ABSTRACTS 

Case la. Mother, Mrs Y W L {Hospital Number 
2SS7Z), a Chinese woman of 42 ^vas first seen m October 
1933 for pam m the bones and debihty of three years* 
duration* Her detailed history ^vas reported m paper II 
(12) of this series Briefly stated, she presented a case 
of advanced osteomalacia with marked skeletal decala- 
fication, deformities and fractures datmg back to July 
1930 when she gave birth to her fourth child Her serum 
calcium was 88 and inorganic phosphorus 2.2 mgm per 
100 ca, findmgs that justify the classification of her case 
as one of low-phosphorus ostcomalaaa* 

She went through detailed metabohc studies from 
November 1933 to June 1934 Her dramatic response to 
vitamin D therapy from the symptomatic, roentgenologic 
and metabolic standpoints was given m paper II (12) 
and her behavior toward varying le\els and raUos of 
calcium to phosphorus intake was presented m paper 
III (13) 

In September 1934 the patient readmitted with a 
slight recurrence of the pain m the bones and difficulty 
m %valking Her appetite was poor, with occasional 
nausea and \omitmg She Avas found to be pregnant 


with the expected date of confinement on April IS, 1935 
Although slight tenderness was present over the lumbar 
spme and nbs, roentgenologic examination of the skele- 
ton showed no evidence of exacerbation m osteomalacia. 
Scrum calaum was 8 92 and morgamc phosphorus 282 
There was mimmal pulmonary tuberculosis at right upper 
lung A slight degree of anemia developed shortly after 
admission Hemoglobin remained at 10 grams, and 
erythrocyte count at 32 millions, m spite of the admin- 
istration for prolonged periods of ferric ammonium 
atrate and hydrochloric aad by mouth, and liver extract 
intramuscularly Her calaum, phosphorus and nitrogen 
metabolism was studied throughout pregnancy From 
December 1934 to Apnl 1935 her calcium intake was 
approximately 2 grams per day, and vitamm D in the 
form of Vigantol was given in doses of from 1 to 3 cc. 
a day (1 cc, is equivalent to 12,000 international units 
of vitamin D) During this period of four months, 40 
to 50 per cent of the intake of calaum ^vas retained. 
This would enable her not only to meet the fetal re- 
quirements, but also to replenish her own skeletal store 
of calaum 

The course of gestation was fairly smooth except for 
an attack of abdominal pain m the latter part of the 
pregnancy In view of the pelvic deformities, a cesarean 
section was performed by Dr J P Maxwell on April 
13, 1935, and a normal male baby (weighing 2,885 grams) 
was delivered The postoperative course uas satisfactory 
The patient was studied agam from the viewpomt of 
lactation The studies began eighteen days postparixm, 
and were contmued for 11 four-day periods This part 
of the studies, together with observations on other pa- 
tients dunng lactation, was reported m Paper VI (14) 

The patient was discharged on June 15, 1935 m good 
condition. She remained well and nursed her baby until 
September 1936 when she began to have diarrhea, ab- 
dominal distension and swellmg of legs On reentry 
mto the hospital m November, although her diarrhea 
subsided, her general condition deteriorated considerably 
There ^vas anasarca with ascites and enlarged liver 
Plasma proteins were U1 per cent albumm and 272 
per cent globulin The pulmonary tuberculosis at right 
upper lung showed extension In the right breast there 
was a firm mass measuring 10 X 8 X 5 cm, assoaated 
with enlarged axillary lymph nodes There had been a 
firm nodule m her breast for eight years, showmg no 
tendency to grow until four months pnor to admission 
when rapid enlargement commenced Biopsy of the 
tumor and axillary lymph gland revealed caranoma m 
both, and the section of the sediment of the asatic fluid 
withdrawn also exhibited malignant tumor cells As 
radical operation was not considered advisable m view 
of the advanced stage of the disease and of the patient's 
poor general condition, a course of mtcnsive deep radio- 
therapy was given to the breast and axilla. Although 
the tumor masses diminished m size, the general condi- 
tion of the patient uent downhill Death took place at 
home m February 1937 

Case lb Infant, Y lY L (Hospital Number 49062), 
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was the fifth child of the mother dctcribcd above. A1 
though the mother bad ostcomalada, this was largely 
healed, and ihe received large amotmU of calaum and 
vitamin D during gestation. The child delivered at term 
on April 13 1935 by cesarean section weighed 2,885 grams 
and measured 53 cm. m length. He was normal m every 
respect There was no clmical evidence of rickets. Cord 
blood serum calcium was 11 1 mgm. per cent Roent- 
genologic examination of the bones of the upper and 
lower extremities showed normal sue, contour and den 
nty He was fed exclusively on mother's milk, Meta 
bolic studies commenced on the twenty-sixth day after 
birth and proceeded smoothly for 7 four-day periods. 
General condition remained excellent and weight gam 
was unmteiTupted. On discharge on June 12, be weighed 
5 600 grams almost doublmg birth weight 

Core 2a. Mother Afrr C S Y (^Hospital Number 
S8397) age 31 was admitted on April 4 1937 for gen 
cral bodily ache, tingUng and spasm of extremities for 
a year and a half In December 1934 she gave birth 
to her first baby which was breast fed until June 1936, 
when it died. In November 1935 while lactatrog;, she 
began to have bony aches, followed by numbness and 
spasticity of the limbs. Active tetanic attacks occurred 
usually after exposure to cold or prolonged pressure on 
the limbs. The condition cleared up m April 1936 when 
the became pregnant for the second time. The bony 
aches and numbness began to recur m October and be- 
came progressively more debilitatmg The second child 
was delivered spontaneously m February 1937 Spastic 
attacks returned after parturition. 

After the birth of the second child, bowels were con 
sbpated and bleeding from rectnm was frequently noticed 
on defecation. There was an attack of dysentery m 
September 1936 Diet consisted of com, millet wheat 
floor rice and vegetables in season. Meat and eggs were 
very rarely eaten. 

On admission the pabent appeared well developed, 
fairly well nourished and not in acute distress. Tern 
perabire 374 C, pulse 88, blood pressure 110/70 weight 
48 kgm. Breasts were lactabng with marked venous 
engorgement Spleen was just palpable. Hemorrhoids, 
both external and internal were present and bled on 
digital examination. There were no skeletal deformi 
ties, although pam was complained of m the shoulders, 
lumbar spine and thighs on mobon. The patella tendon 
reflexes were hyperactive and both Chvostek's and 
Trousseaus signs were positive. Urine was normal ex 
cept for the presence of sugar which proved to be lactose. 
Blood picture was not remarkable. Serum calcium was 
746 and morgamc phosphorus 470 mgm. per 100 cc 
phosphatase ivas 12.9 Bodansky units. On x ray exaini 
nabon slight osteoporosu was present in all the visualized 
boocs but no deformities. 

Metabolic studies were started on Apnl 6. The pa 
tlent developed dysentery with 7 to 10 blood and mucus 
containing stools a day Low grade fever was present 
Tetany at times became mamfest, requiring calaum gin 
conatc mtramuscularly for relief B dystnienae man 
nite-fermenting group, was isolated from the stools. 


Fortunately the attack subsided m sex days and was not 
sufliciently serious to mterrupt the metabolic regime. 
After 3 control penods Vigautol 1 cc. daily was given, 
and marked symptomatic improvement m the bony 
numbness and spasbaty was noticed. 

After 6 penods of metabolic studies there was a 
recurrence of dysentery necessitating suspension of the 
rigid quanbtabvc regime. While the administration of 
Vigautol and high calcium mtake were maintained, a 
semi liquid diet and doses of sodium sulphate were given. 
In twelve days the bowel coodibon returned to nor mal 
Metabolic studies were then resumed for 3 periods be- 
fore the pabent was discharged m good condibon on 
May 25 1937 

Coe* 2b Infant C C C (HoepUal Number SS396) 
a male baby aged 57 days, was admitted on April 4 
1937 for convulsive attacks for four days pnor to entry 
Although the mother bad tetany and osteomalacia as 
stated above; the birth of the baby ^vas spontaneous and 
easy Feeding was exclusively on breasts The onset of 
convulsive seizures was sudden without any previous ill 
ness. They were generalized with retraction of head, 
deviation of mouth upward rollmg of eyeballs and 
ipasbc and dome contractions of all cxtrcmihei Each 
attack lasted from five to ten minutes. 

Examination showed good derelopment and nutnbon. 
Although no convulsions were nobced, both hands and 
feet were held m spasm and Trousseaus and Chvosteks 
signs were present The anterior fontanellc was wide 
open but cramotabes rosary and enlargement of the 
wruta were absent Liver and spleen were palpable and 
hydrocele of tunica vaginalis was noted on both sides. 

Urme and blood count were normal and stools con 
tamed some mucus. Blood serum calaum was 7.8 and 
phospborui SB mgm. per cent phosphatase was 19 6 
umts (Bodansky) Plasma proteins were 3.11 per cent 
albumin and L62 per cent globulin. X ray films showed 
a alight condensabon, hailnrii and lippmg at the dutal 
ends of radii, ulnae, tibiae and fibulae. The bones were 
shghtly osteoporotic. These changes were suggesbve of 
mild rickets, but over the lateral aspects of both femurs 
there was considerable periosteal thickemng 

After admission the spastic phenomenon was promptly 
controlled by doses of calaum glucxmate intramuscularly 
and calaum chloride orally Metabolic experiments were 
started at the same tunc as those on the mother whose 
milk constituted the sole fonn of feeding The studies 
went on well for 1 period, but dunng the second and 
third periods they had to be discontinued on account of 
a severe local vaccinia reacbon to smallpox vacemabon, 
accompanied by fever and return of coorulsrve attacks. 
The latter were agam controlled by parenteral calaum 
gluconate and oral calaum chloride, and the whole episode 
subsided m three or four days. The baby was put on 
the metabolic regimen agam from the fourth period on 
and satisfactory studies were earned on for 9 more pe- 
riods. 

The Infant was discharged in good coodiUou on May 
25 1937 Serum calcium and phosphorus were 11-32 and 
5j61 mgm, per cent, respcctn^y X ray examination 
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repeated on the day of discharge, showed no obvious 
changes m the bones from that on admission The 
weight gain was from 4,900 to 6,100 grams in the course 
of seven weeks 

Case 3a Mother, Mrs T IV T {Hospital Number 
61219) t a Chmese woman of 38, was admitted on No- 
vember 29, 1937 ivith the chief complaint of pam m the 
lumbar region for thirteen months and in both thighs for 
five months She began to have pam m the lower back 
soon after the onset of her eighth pregnancy thirteen 
months prior to admission The pain gradually increased 
in seventy, resultmg m difficulty m ^valklng throughout 
the first and second trimesters of pregnancy In the 
latter part of pregnancy the pam also involved the thighs 
She was completely bedridden shortly before parturition 
and has remamed so smee. Her parturition which took 
place m August 1937 ^vas slow but spontaneous The 
baby (Case 3b) was found to have rickets at the same 
time that the mother was seem He was breast fed by 
the mother but the milk secretion was extremely poor 
The patient had attacks of numbness and spasm of hands 
throughout the course of present illness She was mar- 
ried at 17, and gave birth to eight children, the eldest 
one being 20 years of age She had tingling sensation, 
spasm of hands and pain m the lower back during her 
sixth and seventh pregnanaes six and four years pnor 
to admission, respectively Her husband, being a peddler, 
could scarcely earn enough to feed a family of seven. 
The diet was extremely inadequate and the patient led 
a secluded life. 

Examination revealed that she was completely disabled 
m bed, complaimng of pain m the muscles and bones 
whenever she was moved. She had marked muscle spasm 
and tenderness m the thighs and over the lower nbs 
Slight scohosis and kyphosis of lumbar spme, slight 
rostration of the symphysis pubis and very narrow pubic 
arch were present. Signs of Chvostek and Trousseau 
were positive. Head organs were normal Th 5 T 0 id ^vas 
slightly enlarged There were no important abnormal 
findmgs m the chest and abdomen, Routme laboratory 
studies, mcluding blood Wassermann test, blood counts, 
urinalysis and stool examinations were all negative ex- 
cept for a slight transient lactosuna. Fasting blood 
sugar and non-protem nitrogen were withm normal range. 
Serum caJaum was 6 87 and morganic phosphorus 2 75 
ragm, per cent Plasma protems were 2,51 per cent 
albumm and 5 66 per cent globulin. Basal metabolic 
rate \vas +21,2 per cent X-ray examination revealed 
marked osteoporosis of all the bones, exceedingly marked 
biconcave deformity of the vertebral bodies, eversion and 
old fractures of the pubic bones The right upper lung 
field appeared shghtly clouded. 

Metabolic observation extended from December 6, 1937 
to April 15, 1938 Her response, chmcally and meta- 
bohcally, to ultraviolet irradiation was reported m paper 
VII (4) of this senes She gamed 9 kgm of weight m 
four and one-half months, and was discharged on Apnl 
16, 1938 much improved symptomatically and roent- 
genologically 

Case 2af Wet nurse, Mrs W C S {Hospital number 


61624-), age 23, ^vas admitted on January 14, 1938 as a 
wet nurse for baby TNT (Case 3b described below) 
Her past history was irrelevant She was marned a 
year prior to admission and became pregnant soon after- 
wards The course of pregnancy was smooth, and a male 
child weighmg 5 lbs was delivered spontaneously at term 
on December 17, 1937 The child ^vas fed on her breast 
soon after birth. The diet for the past year consisted 
of nee, wheat flour, millet, com meal and salted and 
fresh vegetables, but practically no meat or eggs 

Physical examination showed good development and 
nutrition Weight 522 kgm, height 161 cm. There 
were no skeletal deformities, bone tenderness, nor signs 
of tetany Both breasts were lactatmg ^cept for 
moderate gingivitis, pharyngitis and endocervicitis, the 
rest of the physical findings were normal 

Routine urme, blood and stool examinations were nor- 
mal Blood Wassermann reaction was negative. Scrum 
calaum and phosphorus were 907 and 4 78 rogm per 
cent, respectively (January 15) Calcium, phosphorus 
and nitrogen balance studies were started on January 
19 and earned out for a total of 22 four-day penods 
These mcluded observations on the effects of vanous 
levels of calaum and phosphorus intake and of vitamin 
D therapy The patient was discharged on April 14 in 
good condition 

Case 3b Infant, TNT {Hospital Number 61227), 
male, age three months, was admitted on November 30, 
1937 for investigation for possible nekets or tetany on 
accoimt of advanced osteomalacia m the mother As 
mentioned before (Case 3a), this was the eighth child, 
and his birth was at terra and spontaneous but prolonged 
As the mother's milk secretion was scanty, breast feed- 
mg had to be supplemented by hsin erh cha (almond tea), 
oufen (lotus root starch) and kao kan (nee flour cake) 
\Vhen two months old the infant had an attack of high 
fever followed by convulsions lastmg for half a day 

Physical development and general nutntion were fair, 
weight was 5,260 grams The anterior fontanelle was 
wide open and the posterior fontanelle partially so 
Parietal bosses, Harrison's groove, enlargement of the 
costochondral junctions and widening of the wnsts were 
noticeable. The head organa were normal except for 
some nasal discharge and the lungs and heart showed no 
abnormahty The abdomen was prominent with both 
spleen and liver palpable at 1 cm, below costal margin 

Urinalysis and stool examinations were normal Blood 
showed 105 grams hemoglobin, 3 4 million red blood 
cells, and 11,250 white blood cells wth 35 per cent poly- 
morphonuclear leukocytes and 62 per cent lymphocytes 
Serum calaum was 5 18 and inorgamc phosphorus 5 94 
mgm, per 100 cc, and phosphatase was 13 7 Bodansky 
umts Roentgenograms exhibited moderate osteoporosis 
of all the bones with slight haziness and cupping of the 
distal epiphysial ends of all the long bones of the fore- 
arms and legs Slight beading was observed at the an- 
terior aspects of all the nbs The diagnosis was mod- 
erate nekets (Figure 5) This was likely to be of fetal 
onguL 

For 3 four-day penods (designated as A, B, C, Dc- 
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ccmbcr 22, 1937 to January 2, 1938 incluavc) while on 
a formula of "Klim'* with a small amount of breast 
milk from the mother the caldum, phosphorus and m 
trogea balances were observed. 

On January 18 and 19 attacks of generalized convul 
sioQS occurred. Scrum caldum and phosphorus were 
respectively 4J7 and 6,40 mem. per cent Caldum ion 
was 2 mgra. per cent, as determined by the frog heart 
method (20) and Z4 mgm. per cent by calculation from 
total calcimn and serum protemi (5.56 grams per cent) 
accordfag to McLean and Hastmgs (21) It was con 
udered that the convulsive attacks were a mamfestatloo 
of tetany (^aum gluconate (Sandoz) 10 per cent 10 
cc. (90 mgm, caJcnim) was given Intramuscularly daily 
from January 19 to 26 (penods 1 and 2) while the feed 
ing consisted of breast milk from the wet nurse and 
" Kllm,'* 420 cc. each daily with additions of orange juice. 

From January 27 on, calcium gluconate 3 per cent 
solution was given by mouth m daily doses of 27 cc. 
(73 mgm. cataum) instead of the 10 per cent solution 
intramuscularly and the wet nurse received Vlgantol 1 cc. 
(12,000 mtemational units vitanun D) dally The amount 
and proportion of “ Klim and breast milk remained 
approximately the same. While on this regime, balance 
studies were made on the child for 2 periods from Fetn 
ruary 4 to U (periods 5 and 6) 

On February 11 rhmitis developed with purulent dis 
charge from whidi virulent B diphihtnae were isolated. 
There was a low'grade fever Leukocyte count was 10 
450 with 52 per cent polymorphoouclean. A total dose 
of 20 000 units of a concentrated form of diphtheria anti 
toxm was given mtramuscularly m divided doses on Feb- 
ruary 12 and 13 There was some febrile reaction fol 
lowing the serum treatment Though the nasal discharge 
cleared up promptly poshrre K. L. B cultures were 
obtained on several subsequent occasions. 

While on essentially the same regime, except for the 
omission of calciun) gluconate by mouth 2 more periods 
(penods 9 and 10) of metabolic observations were «e 
cured from February 20 to 27 From March 8 to 15 
(penods 13 and 14) and from March 20 to 27 (periods 
16 and 17) feeding was entirely on the breast milk from 
the wet nurse and the calcnim and phosphorus intake was 
noaintamed by the addition of a 77 per cent solution of 
calamn lactate 43 cc. daily (480 mgm. calcium) and a 
solution of diiodium phosphate (422 mgm. phosphorus) 

The last 2 periods (penods 19 and 20) of metabolic 
studies were from April 1 to 8 when the feeding was 
entirely on "KHm," the calcium lactate being omitted. 

Just prior to discharge on April 18, 1938 x ray exam 
mation showed evidence of healing of nekets with m 
creased bony density in the course of four months (Fig 
lire 6) Body weight on discharge was 6,700 grams. 

Case 4a. Mother Mrs. WHS {Hospiiol Numbtf 
65376) age 29 was admitted on December 9 1938 for 
bony aching particularly of the pelvis and lumbar region 
with occasional carpopedal spasm for eleven years prior 
to entry She was mamed in 1926 led an mdoor life in 
a cave dwelling m Pingyao, Shansi, and subsisted m a inl y 
on cereals and vegetables. Her symptoms, which began 


shortly before her first pregnancy m 1927 were constd 
erably aggravated durmg gestation so that she was coo 
fined to bed on account of bone pains and spastic attacks. 
However the delivery was ipootancous vnthout difl&culty 
and lactatjoo was abundant In the course of two years 
the symptoms were gradually unproved. On getting up 
she noticed that her stature dwindled by several inches 
with knock4aice and pelvic deformities. In 1933 she 
became pregnant for the second tune, and the gestation 
was terminated by medication at the third month. Her 
symptoms were aggravated cspccully during the winter 
She was examined In this hospital for the first time in 
April 1936, when a course of calaum lactate, cod liver oil 
and ultra violet radiation gave rue to considerable im 
provement She returned to Shansi and was pregnant for 
the third tunc m March 1937 The backache and leg 
pains recurred and the pregnancy was arbfidally aborted 
at the fourth month. Her fourth pregnancy started in 
May 1938 and she was admitted during the eighth month 
of gestation. 

Exanunahon showed undemutntion and stunted stature. 
Weight 44Z kgm. and height 154 cm. The lower ex 
tremibei were particularly short m comparison ivrtb the 
trunk and upper extremities. The gait was unsteady with 
the pelvis tilted from one side to the other m walkmg 
while only very short steps could be made. The thigfu 
were strongly adducted and mtemally rotated, and the 
knees knocked against each other The right lower ex 
tremity was shorter than the left by 4 an. Definite 
tenderness was present over the ribs, spine; pelvis and 
femurs. C!hvostek*s sign was negative but Trouifeati*s 
sign was positive. The heart and lungs were normal 
The blood pressure was 80/50. The abdomen was en 
larged by the gravid uterus, the fundus of which came 
up to 23 cm. above the symphysis pubis Fetal move 
ments and heart sounds were heard. The pelvis was 
contracted and the transverse outlet mcaiurcd 7 cm. 

Routine unne and stool exammatlons were normal 
Blood count showed 117 grams hemoglobin, 33 million 
red blood cells, and 6,500 white blood cells, with 77 per 
cent polymorpbonuclcars. Scrum calaum was 874 and 
phosphorus 2J7 mgm. per cent, and phosphatase 23 Bo- 
dansky units. Plasma non protein nitrogen was 21 mgm. 
per cent, and proteins were 277 per cent albumin and 
374 per cent globulin. Basal metabolic rate was plus 
67 per cent Blood Wassermann reaction was negative. 
Roentgenologic survey of the skeleton showed moderate 
degree of osteoporosis m all the long bones, slight W 
concave absorption of the vertebral bodies with irregular 
curvature of the ucrum, asymmetry of the pelvis, dii 
tortiofl and compression of the head of the femur urto 
the acetabulum and pathological fracture of the right 
upper femor 

Metabohe studies commenced on December 26 and pro- 
ceeded for 10 four-day penods prior to the termination 
of pregnancy The first 4 penods served as control on 
high calcium intake alone, and the fifth penod was used 
for the administration of Vigantol in daily doses of 5 
cc (60000 intcmabonal umts of vilamm D) During 
the next 5 penods definite progressive increase in cal 
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aum and phosphorus retenbon was nobccd, with sub- 
jecbve improvement Serum calaum and phosphorus 
were 9 46 and 3 86 mgnx per cent respecbvely 
Cesarean secbon was performed by Drs IL L. Hsu 
and S Lm on February 7, 1939, and a normal male child 
weighing 2,920 grams was delivered The pucrpenum 
was satisfactory and lactabon acbve. She received 30 
cc. cod hver oil daily for six days immediately after 
partunbom 

Metabolic observation on lactation and its effect on 
the mfant \vas started on February 24, and contmued 
for 26 four-day periods (one hundred and four days) 
The results are presented m the text The pabent was 
discharged m excellent condibon on June 11, 1939 
Case 4b Infant, IV H S (Hospital Number 6d055), 
was a male baby bom on February 7, 1939 by cesarean 
secbon of an osteomalaac mother who received a limited 
dose of Vigantol and hberal amounts of calcium durmg 
the latter part of pregnancy, as described above. The 
child weighed 2,920 grams and measured 495 cm in 
length at birth. He was m every way normal There 
were no bony deformibes and x-ray of the bones showed 
normal texture with sharp outline and smooth diaphyseal 
ends (Figure 7) Unne was normaL Blood count 
showed 9 8 grams hemoglobm, 4 14 milhon red blood 
cells, 7,600 white blood cells, with S3 per cent polymer- 
phonuclears Serum calaum was 10 8 and phosphorus 
6 03 mgjxL per 100 cc. and phosphatase 82 Bodansky 
imits 

Mother's milk consbtuted the only form of feeding 
Metabohe observations were started on February 24, and 
continued for 2 four-day periods followed by 2 four-day 
periods without metabohe studies Thereafter, 2 “ ob- 
servabon ” periods alternated with 2 “ rest ” penods 
From May 7, that is, after the elapse of 18 penods, the 
mother rccaved Vigantol 2 ca (24,000 mtemabonal umts 
of vitamin D) per day for 8 penods, during whicli 
metabolic observabons were continued on the mfant to 
ascertain the effect of ** vitammized ” milk Throughout 
the course of study, the mfant took the prescribed feed- 
mgs quanbtabvely, remamed m excellent condibon and 
gamed waght steadily On discharge on June 11, he 
weighed 7,000 grams, almost two and one half times the 
birth weight m the course of four months, although 
slight anemia persisted. 
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OF DEPLETION AND EFFECT OF MINIMAL DOSES 
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Hannon and assooatea (9) in the first com 
mumcafaon of this senes demonstrated the pro- 
longed benefiaal effect of vitamm D on the cal- 
aum and phosphorus metabohsm m osteomalaaa. 
A daily dose of 7,500 international units of vita 
mm D m the form of Vigantol (Bayer) admin- 
istered orally for a penod of sixteen days m a 
case of osteomalaaa brought about a marked 
calaum and phosphorus retention which contmued 
for more than three months after the drug was 
discontmued Since the benefiaal effect contmued 
unabated even at the end of observation, the 
actual duration of this action must be longer than 
three or four months Sunilar results were ob- 
tamed when a senes of bnef ultraviolet irradia- 
tions from a mercury vapor quartz lamp was 
applied m place of oral admimstration of vitamm 
D (3) 

In attempting to explam the prolonged action 
of vitamm D, two possibihties were considered 
First, the vitamm D may be stored This was 
dismissed at the time because of lack of knowl 
edge on vitamm D storage. The second possi- 
bihty which was considered the more likely ex 
planation, is related to the vitamin D content of 
the diets served to the patient The m i nim al 
amounts of vitamm D that may be present m 
the diets, though insuffiaent to bring about the 
reparative process may suffice to maintain normal 
calaum and phosphorus metabolism as soon as 
the inihfll defiaeruy la corrected by vitamin D 
or ultraviolet irradiation therapy 

The present commimication is concerned with 
( 1 ) observation on the antirachitic potency of the 
vitamm D-defiaent diets commonly used m our 
investigation of calaum and phosphorus metabo- 
lism m osteomalaaa, (2) the effect of a mmimal 
dose of vitamin D and (J) the changes of calaum 
and phosphorus metabohsm foUowmg the %vith 
drawal of vitamm D 


PKOCEDUHE 

Three cases of osteomalacia and one normal newborn 
baby from an osteoma ladc niotbcr were studied in the 
present mvestigatloo. Their clinical histones are briefly 
described in the appendix. Data on Cases 3 and 4 were 
published previously in other connections (4 15) They 
were kept in the mctabohsrn ward throuffhoaC the period 
of study and quantitative, vitamin D-dcfiaent and low 
caloum diets were served. The composition of these 
diets Is shown in Table L Caldum was administered 
m the form of a 7J' per cent solution of calcium lactate 
In Cases 1 and 2. The infant, Case 4 was fed cxcln 
sivdy on measured quantities of his mother's ndlk. 
Calaum phosphorus and nitrogen balances were deter 
mined in four-day periods contmuouily in Cases 1 to 3 
but in Case 4 2 four-day periods of study were alternated 
with 2 periods without metabohe observations. The or 
gamiation of the metabolism ward, the preparation of 
quantitative diets the collection of excreta and the meth- 
ods of chemical analysis of food and milk, stool and 
unn^ and serum were described m our early publication 
(16) 

Case 1 was a young woman with osteomalacia who 
was convalescing from an obstetneal operation and pul 
monary tuberculosis m the obstetric service for nearly a 
month before she was transferred to the metabolism 
ward. She was put on the basal vitamin D-defiacnt 
diet for a long time under metabolic observation just 
to ascertain the antirachitic potency of the diet. Then 
aad and alkali salt mcchuci of Shohl (17) were given 
for the purpose of studying the aad and base metabolism 
which we are not concerned with in the present com 
mumcation. Then mmimal doses of vitamm D m the form 
of Vigantol and egg were administered on separate oc 
casions to observe thar effect on calcium and phosphoms 
metabolism particularly the changes foUowmg tbor with 
drawaL Case 2 was similarly studied except that prolonged 
control observation on the basal diet alone was not made. 
Case 3 was studied pnmanly from the standpoint of the 
effect of aad and alkali on the calaum and phosphorus 
metabolism but the data were reproduced here because 
they illustrate two of the three propositions In which we 
arc interested m the present commimication. Calaum 
phosphorus and mtrogen inctaboUim was observed m 
Case 4 until \riut we consider the mdpicnt changes of 
vitamin D-defiaency appeared. Then the reverse proc 
esses were studied after vitamm D was given to the 
lactatmg mother 
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TABLE 1 

Composition of duts* 


(Grama per day) 






Case 1 

see 


■ 



Case 2 

UC Y 


Case 3 L I L. 

Artidcs 

1 ! 

2 

3 

m 

5 

B 

n 

8 

1 

2 

3 

n 


Flour 

150 

325 


170 

100 

100 

100 

100 

mm 

300 

IHiRI 

200 

ISO 

Rice 

30 

60 


45 

150 

150 

150 

150 


200 

100 

100 

40 

Millet 1 

Bean curd 

75 

75' 

75 

1 

56 

1 

50 

SO 

50 

50 

100 

SO 

SO 



Kan Fen 





20 

20 

20 

20 






Peanut 





20 

20 

20 

20 






Pork 

Beef 

100 

100 

100 

75 

80 

80 

80 

80 ; 

120 

30 

30 

120 

60 

30 

Egg, hen’s 






30 


901 


200 

200 


Cabbare 

100 

100 

100 

75 





100 

100 

100 

100 

SO 

Spinach 

Kai Tsai 

50 

50 

50 

38 

501 

50 

50 

50 

100 

200 

200 

100 

Turnip 

1 50 

50 

SO 

38 





so 

SO 

40 

Carrot 


f 







1 

1 

50 

Sweet potato 

50 

240 

140 

105 





100 i 



100 

100 

White potato 

Bean sprout 


1 

1 



50 

SO 

501 

50 

50 

1 

1 


SO 


Pickled cucumber 
Pear 

100 

1 

100 

I 

100 

75 

10 

10 

10 

10 





200 

Apple 

100 

1 100 

1 100 

75 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Persimmon 

' 100 

100 

100 

75 







Sesame oil 

, 30 

30 

30 

22 

30 

1 30 

1 30 

1 30 

40 

I 40 

40 

40 

20 

Soybean sauce 





, 20 

1 20 

1 20 

1 20 






Sugar 





10 

10 

10 

10 






Sodium chloride 

1 58 

6 

6 

1 4 

5 

; 5 

5 

5 

8 

8 

I 8 

1 8 

4 

Total calone 

I 1656 

2605 

2134 

1600 

1733 

1777 

1733 

1866 

2343 

2604 

2245 

2163 

1490 

Carbohydrate 

, 244 

448 

347 

; 261 

248 

243 

248 

248 

361 

403 

324 

323 

248 

Fat 

1 53 

56 

54 

40 

58 

61 

58 

67 

68 

70 

70 

67 

36 

Protein (NX 6 25) 

i 48 9 

70 4 

632 

48 1 

55 6 

55 3 

53 8 

62 2 

67 2 

83 7 

74 7 

61 4 

43 6 

Calaum 

0 146 

0 249 

0 230 

0 208 

0 245 

0 176 

0 149 

0 198 

0 232 

0 424 

0 393 

0 245 

0 167 

Phosphorus 

;0 632 

1 

0 832 

0 809 

0 636 

0 686 

0 663 

0 594 

0 778 

0 874 

1046 

0 994 

0 878 

0 549 


* Calone, carbohydrate and fat are calculated values (Outhnes of Diets of the Peiping Union Medical College Hos- 
pital, Peiping, 1937, 3rd edition) Protein, calaum and phosphorus are analyzed values 


RESULTS 

Case 1, S C C , osteomalacia 
I The antirachitic potency of the previous die- 
tary and the lack of such potency in the expert- 
mental diets with residting vitamin D depletion 
Data obtained m penods 1 to 12 (Table II and 
Figure 1) indicate that, when the patient was first 
under metabohc observation on the experimental 
vitamin D-defiaent diets, a good calaum and 
phosphorus balance was obtained The calaum 
retention m penods 1 to 4 amounted to an average 
of 54 per cent of the intake and the phosphorus 
retention m the same penods, 58 per cent Un- 
nary phosphorus became almost ml m penod 4, 
while considerable amounts of calaum appeared 
m the unne in penods 3 to 4 The disappearance 
of unnaiy phosphorus was probably m part re- 
lated to the excepbonally high retention of mtro- 


gen m those penods which required an equivalent 
amount of phosphorus for deposition as soft tis- 
sues, leaving very little phosphorus for unnary 
elimination Like\vise, a shortage of phosphorus 
for deposition with calcium m the bone ^vas 
created, thus accounting for the increased elimina- 
tion of urmary calaum However, the excellent 
rmneral balances mdicate that the pathological 
disturbance of osteomalaaa m this case was m the 
process of reparation, presumably under the in- 
fluence of vitamin D that was denved from the 
diet and medication adrmmstered in tfie pre-ex- 
penmental penod Although there ^vas no exact 
record as to how much vitamin D was supplied 
m the previous dietary, it is certain that a number 
of hens* eggs were given. It was also recorded 
that she received altogether 40 cc of cod liver 
oil in four doses on bvo different dates It may 


















CALCnUI AND PHOSfnOaUS METABOLISai :n osteoualacua 


351 


TAM.TI U 


Case 1 5 c, C CaUitm and phupkarus mtiabcttsm dttnni miamtn D defUHon^ after the admsnuiratton of smoU doses 

of nlarnsn D and after supplmenitni basal diets tmik etjs 


D«t« 

iw-issa 

Pe- 

riod 

foot- 

Calduni oMrdft daily 

Fhovpltonu, oHTw daily 

Nl- 

Senua 

Kemaika 

In 

taki 


Stool 

uot 

Id- 

Ukc 

Urine 

Stool 

BaI- 

anc« 

bST 

a«c«. 

tttrat* 

daily 

Cal 

dam 

phorua 

Pho*- 

pba 

taM 













■pel. 





mgm. 

•t*. 

rngm. 


MO*- 

mgm 

•pi*. 

me^ 

trama 

prr 


nila 













unt 

ctni 




1 

IJ47 

1 

513 

833 

582 

57 

250 

273 

LOl 

tS6 

3J9 

un7 

Dirt 1 

n-is 

2 

1346 

2 

583 

761 

632 

46 

244 

342 

LOS 


3 49 


Diet 1 

1«-19 

3 

1449 

78 

663 

708 

832 

17 

286 

319 

3A7 

9216 

3 13 

10 99 

Diet 2 

20-23 

4 

1449 

130 

608 

711 

832 

8 

296 

328 

2-71 

9J2 

2 70 


Diet 2 

24-27 

5 

1449 

2 

658 

789 

832 

153 

292 

3ti 

2,02 

8.49 

4.14 


Diet 2 

2a-i 

6 

1449 

2 

732 

715 

832 

174 

299 

359 

2.46 

8.70 

4J22 

ions 

Diet 2 

Decesibcir 2-S 

7 

1449 

7 

802 

640 

832 

158 

319 

253 

ins 

892 

4J14 


Diet 2 

6~9 

8 

1449 

4 

905 

540 

832 

272 

329 

231 

2n3 

82)7 

3A3 


Diet 2 

lo-n 

9 

1430 

2 

931 

447 

809 

366 

298 

143 

1 43 

73>3 

3.94 


Diets 

14-17 

10 

1430 

0 

1123 

305 

i09 

348 

344 

117 

2-17 

ani 

3A8 


Dlet3 

W-21 

11 

1430 

1 

961 

468 

809 

311 

282 

216 

3JJ5 

8A2 

3J3 


Dlet3 

22-23 

12 

1430 

1 

1125 

304 

*09 

342 

338 

129 

22)7 

8 IV 

3 41 


Ditt3 

26-29 

n 

1430 

2 

1182 

246 

809 

342 

308 

1S9 

OSS 

sna 

3Xk5 

9A9 

Diet 3 Qtiate mlxtaie 

30-2 

14 

1408 

1 

1128 

279 

636 

378 

279 

-21 

0 75 

8,40 

3J03 


Diet 4 Qtiate mlitnia 


15 

1408 

4 

1221 

183 

636 

375 

274 

~13 

(168 

SA5 

2J)4 


Diet 4 Quat* mixltm 

7-10 

16 

1408 

4 

1004 

400 

636 

401 

245 

-10 

-0J9 

8^3 

2A4 


Diet 4 

11-14 

IT 

1396 

2 

Ull 

83 

592 

333 

308 

-49 

-OJM 

8,28 

ZA6 

8A2 

Diet 4 

13-lS 

18 

1408 

5 

1018 

585 

656 

576 

546 

14 

1.22 

SA6 

1.72 


Diet 4 NH(a TPjaUtra 

19-22 

19 

1408 

41 

1248 

119 

636 

412 

303 

-84 

0-92 

7A4 

2J2 



23-26 

20 

1408 

98 

1084 

226 

636 

456 

212 

-42 

I 44 

7 92 

2,42 


Diet 4 NUtQ mixture 

27-30 

21 

1408 

15 

1249 

144 

636 

270 

264 

102 

0,99 

8A8 

2J2 


Dlet4 

31-3 

22 

1403 

8 

1372 

28 

636 

329 

312 

- 5 

0J5 

8 74 

Z43 


DW4 

Felmianr 4-7 

23 

1245 

13 

1034 

178 

686 

357 

292 

37 

2.28 

8 70 



Diets 

8-11 

24 

1245 

15 

1014 

216 

686 

334 

282 

70 

177 

8,28 

2-19 


Diets 

12-13 

2S ' 

1215 

2 

1111 

132 

686 

401 

310 

-231 

0.92 

8J13 

2.U ! 


Diets 

16-19 

26 

1245 

2 

891 

352 

686 

330 

280 

76 

1J3 

8JS9 

2J3 


Diet 3 Vlfantol 1/24 cc, daily 

20-23 

1 

1220 

3 

831 

336 

564 

237 

238 

89 ! 

0,50 

8,35 1 

2^0 1 


Diet 3 VIcautol 1/24 cc, dally 

24-27 

28 

1245 

52 

709 1 

484 

686 

152 

231 

303 

2.T0 1 

8J9 

2m 


Diet 5 Vl*amol 1/24 cc, dally 

26-3 

29 

1245 

45 

834 

366 

686 

105 

453 

no 

L50 

8J0 

3 U 


Diet 5 Viianua 1/24 cc, dally 

M*ich 4-7 

30 1 

U45 

6 

607 

632 

686 

lU 

243 

331 

1,58 

7 98 

X90 

14A4 

Diets 

8-11 ! 

31 1 

1245 

6 

334 

705 

686 

94 

279 

313 

L97 

8.70 

2.60 


' Diet 3 

12-13 

32 1 

1245 

0 

454 

791 

686 

116 

220 

330 

03)8 

8,56 

3 16 


: Diets 

16-19 

33 1 

1245 

0 

630 

615 

686 

131 

296 

239 

OSi 

8n5 

1,76 


1 Diets 

20-23 

34 

1245 

0 

826 

419 

686 

lU 

517 

226 

L48 

8,10 

2 41 

14,77 

Diets 

24-27 

33 

1245 

0 

768 

477 

686 

189 

248 

249 

2,17 

8.16 

2J1 


1 Diets 

18-31 

36 1 

1245 

4 

750 1 

491 

686 

191 

242 

253 1 

L70 

am 1 

2M 


; Diets 

April 1-4 

37 

1176 

4 

761 

411 

663 

158 

261 

243 

L16 

84)7 

2m 


Diet 6 (1 en) 

5-8 

38 

1176 

8 

922 

246 

663 

224 1 

544 ! 

93 

1,25 

US 

ino 

iim 

IXet 6 h en) 

9-12 

39 

1176 

4 

846 

326 

663 

265 

285 

113 

oni 

8J1 

2JL5 


Diet 6 (le^ 

13-16 

40 

1176 

5 

692 

479 1 

663 1 

261 1 

236 1 

166 

0^3 

8J6 

U8 1 


Diet 6 (1 ^ 

17-20 

41 

1149 

0 

1008 

141 ! 

594 

252 

549 ! 

- 7 

0J7 

8 78 

2.43 


Diet 7 

21-24 

42 

1124 

10 

1016 

98 

524 

250 ' 

315 

-59 

0.92 , 

84)6 . 

24)6 ' 

13.44 

Diet 7 

23-28 

43 

1149 

0 

882 

267 

594 

252 

260 

73 

1J7 

8S0 

1.46 


Diet 7 

29-2 

44 

1108 

0 

954 

244 

778 

248 

350 

180 

1 75 

U1 

2.42 


Diet S (3 mO 

&£ay 3-6 

45 

1128 

0 

698 

430 

549 

262 1 

226 : 

61 

-0A3 

U6 

2.78 1 

1 

Diet 8 (3 eni) 

7-10 

46 

1140 

0 

882 

258 

475 

ISl 

111 

13 

-0.40 

am 

2.63 


Diet 8 (3 ena) 

11-14 

47 

1198 

6 

693 

499 

778 

178 

282 

318 

3136 

sm 

2,42 


Diet 8 (3 c£n) 

15-18 

48 

1198 

42 

533 

601 , 

778 

184 , 

303 1 

201 

L89 

8,28 

2 13 


TAetSOess*) 

19-22 

49 

1149 

7 

361 

581 

594 

156 

246 

192 

in4 

8,22 

2A5 


Dittl 

23-26 

50 

1149 

6 

653 

490 

594 

175 ' 

270 

149 

LOl 

896 

2j60 


Diet 7 

27-30 

51 

1149 

0 

632 

317 

594 

168 

262 

163 

1 18 

8,44 

U2 


Diet? 

31 











8,24 1 

239 




be surmised that before the present study she 
received some vitamm D which though small m 
amount, was suffiaent to bring about the favorable 
calaura nnd phosphorus retenbon observed at the 
beginning of the experiment 
In order to sec how long this degree of calaum 
and phosphorus retention would contmue and to 
determine whether the experimental diets would 
maintain this favorable state of affairs observa 
bon was extended for 12 periods, or almost seven 
weeks, without modification of the rcgimcm It 
13 plainly seen that the unne calaum disappeared 


promptly and the fecal calaum mereased pro- 
gressively 60 that by the end of period 12 it 
had become twice as mucli as that at the bc- 
ginmng and the positive calaum balance was 
reduced to only 21 per cent of the mtakc. Simul 
taneously the phosphorus balance was also re- 
duced as the result of increased excretion both 
in the unne and m the stool that in the former 
being mote marked There was a slight reduction 
of scrum calaum and a more marked diminution 
of scrum morgamc phosphorus. The initial drop 
of scrum morgamc phosphorus m penods 1 to 
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PERIOD 

Fig 1 Case 1 , S C C Calcium and Phosphorus Metabolism During Vitamin D Deple- 
tion, After the Administration of Small Doses of Vitamin D and After Supplementing Basal 
Diets With Eggs 


4 was probably related to the relatively low phos- 
phorus intake and the rapid deposition in the 
soft tissues and m the bones as the result of high 
nitrogen and calcium retention, while the subse- 
quent declme was probably due to vitamin D 
depletion 

These data demonstrate clearly that the bene- 
fiaal effect of the hospital diet on truneral metab- 
olism, together with a few doses of cod hver oil, 
was real, and it lasted for approximately seven 
weeks On the other hand, the expenmental vita- 
mm D-deficient diets were unable to mamtam the 
good calaum and phosphorus balance initiated 
pnor to their institution 

11 The effect of acid and alkali salt mixtures 
and extension of observations on vitamin D de- 
pletion We are not prunanly concerned with 
the effect of aad and alkali m this part of the 


study The data were included m the present 
commumcation merely for the sake of continuity 
It may be noted, however, that daily administra- 
tion of 200 to 400 cc of a solution containing 
0 6 N of sodium atrate and 0 9 n of atnc aad 
dunng penods 13 to 15 and 60 to 180 inilli- 
equivalents of a mixture of ainmomum chloride 
and ammonium carbonate durmg penods 18 to 20 
did not affect the calaum and phosphorus metabo- 
lism m any important way The unne, however, 
contamed considerable amounts of calaum and 
an augmented quantity of phosphorus dunng the 
penod of ammomum chlonde mixture adminis- 
tratiorL These were expected from the acid ef- 
fect The calaum retention showed a further 
tendency to dimmish, irrespective of the aad and 
alkali adinimstration, so that by the end of penod 
22 the calaum retention became almost ml The 
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phosphorus balance was shghtly negative during 
these penods because of the somewhat reduced 
intake, together with the poor calcium and mtro 
gen balance The negative phosphorus balance 
\va3 slightly exaggerated by the ammomum chlo- 
nde mixture administration in penods 19 to 20 
The scrum calaum fluctuated around 8 5 ragrm 
per cent but the morgamc phosphorus dechned 
further to below 2^ mgm per cent, partly from 
reduction of phosphorus mtakc m the diet and 
partly from contmued vitamm D depletion We 
are therefore, inclmed to consider that, besides 
some mmor changes the data obtamed during 
periods 13 to 22 represent an extension of the 
observation made m the first 12 penods In 
other words the calaum retention m the course 
of 22 penods on the experimental diets changed 
from 54 per cent of the intake to only 2 per cent 
This is undoubtedly the result of vitamin D de- 
plehon 

III The effect of a mtiumal dose of Vxgantol 
Vigantol was diluted with ohve oil 1 to 24 and 
1 cc of this diluted solution containing SOO mter- 
national umts of vitamui D was given daily dur- 
ing penods 26 to 29 The effect on the calaum 
and phosphorus metabolism was promptly shoivn 
up The fecal calaum decreased rapidly and 
urinary calaum began to appear The calaum 
retention which averaged not more than 15 per 
cent of the intake m penods 23 to 25 just pnor 
to Vigantol administration increased progres 
sivcly rcachmg its maxiraum m penod 32, tivelve 
days after Vigantol was dificontmued The cal 
nitm retention then represented almost 64 per 
cent of the intake The phosphorus retention ran 
a parallel course, mcrcasing from only 4 per cent 
of mtake m penods 23 to 25 to 51 per cent in 
penod 32 This was mainly the result of reduc- 
tion of unne phosphorus The serum calaum 
did not show any important change but the serum 
morgamc phosphorus was distinctly iraprovetL 
However the beneficial effect of such a small 
dose of vitamm D for a limited penod was 
obviously not a lasting one, as shown by the 
observations during penods 33 to 36 The cal 
aum retention defimtely diminished and the same 
ivas true wth the phosphorus balance The scrum 
morgamc phosphorus also dechned Time did 
not perrmt extension of the observation to the 


time when the calaum and phosphorus retention 
iNould resume the ongmal low value, 

IV The effect of one and three hens^ eggs 
When one egg ivas added to the diet dunng pe- 
nods 37 to 40 no defimte effect could be discerned 
in the calaum and phosphorus metabolism. It is 
estimated that one egg yolk at its best contained 
no more than 60 mtemational umts of vitamm D 
an amount which would be hardly detectable m 
human experiment However immediately after 
the single egg was withdraivn, the calaum reten- 
tion was distinctly poorer m penods 41 to 43 and 
the fecal calaum reached the same ongmal high 
level as that before Vigantol ^vas admmistercd 
This may be taken to mean that the antirachitic 
potency of a single egg did help m checking the 
dechning tendency of the calaum balance al- 
though It was not sufiiaent to reverse the process. 

When three eggs were included m the diet dur- 
ing penods 44 to 48 unequivocal changes m the 
calaum and phosphorus metabolism were ob- 
served, The fecal calaum decreased with an 
mcrease of calaum retention from an average 
of 15 per cent m penods 41 to 43 to over SO per 
cent of the mtake m penods 48 to 49 Appreaable 
amounts of calaum appeared m the urme m the 
last penod of the egg mgestion. Toothache and 
exosion of a radicular cyst disturbed the food 
mtake, resulting in native nitrogen balance and 
very poor phosphorus retention during period 45 
to 46 However, subsequent observation showed 
definite improvement in phosphorus retention due 
chiefly to reduction of nnnary phosphorus The 
serum calaum and inorganic phosphorus showed 
no significant changes. No attempt was made to 
determine the exact duration of the benefiaal 
effect of the three-egg regimen 

Case 2 L C Y osteoinalacux and rheumaitc 
heart disease 

I The exhibition of tniamtn D depletion on 
experunental vitamin D-deficient diet This pa 
tient rccavcd 500 cc. of cod hver oil m June and 
just passed through the summer before the pres 
ent mvesbgation began m October It is, there- 
fore not astonishing to sec a positive calaum 
balance even when she was put on an mtake of 
only 232 mgm. per day (penods 1 to 2) When 
the calaum mtakc was raised to over 1,200 
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TABLE U1 

Case 2 L C Y Calcium and phosphorus metabolism during vitamin D depletion, after supplementing basd diets unth 
eggs and after the adjntntstralum ofmlamtn D in mtnmal and full doses 


Date 

1938-1939 

Pe* 

no4 

four- 

day 

Caldum overage daiiy 

Phojpbonit overage datiy 

Ni- 

trogen 

baJ 

ance 

average 

daily 

Scrum 

Remarks 

In 

taVe 

Uriue 

Stool 

Bal 

ance 

In 

take 

Urine 

Stoo 

Bal- 

ance 

Cal 

dum 

Pboi 

phonw 

Pbo5 

pha 

me 








M 




mem 

mgm 





mgm 

mgm 

mgm 

mem 

mgm 


mgm 

mgm 

gramj 

per 

per 

units 









Hi 




cent 

cenX 



October 1 1-14 

1 

232 

1 


85 

874 


373 

90 

069 

738 

435 

13 27 

Diet 1 

15-13 

2 

232 

2 


127 

874 

■SI 

281 

182 

1 21 

8 15 

4 13 


Diet 1 

19-21 

3 

1232 

2 

mi 

614 

874 

^1 

400 

205 

0 04 

8 22 

436 

1146 

Diet 1 

23-26 

4 

1232 

1 

718 

513 

874 

138 

509 

227 

106 

733 

4 20 


Diet 1 

27-30 

5 

1232 

3 

685 

544 

874 

194 

388 

292 

0 49 

8^ 

409 


Diet 1 

31-3 

6 

1232 

4 

811 

417 

874 

272 

429 

173 

0 62 

832 

3 97 


Diet 1 Citrate mixlutc 

November 4-7 


1232 

3 

940 

289 

874 

232 

485 

107 

102 

831 

3 94 


Diet 1 Citrate mixture 

S-11 


1232 

6 

735 

491 

874 

340 

386 

■£3 

109 

836 

3 38 


Diet 1 Citrate mixture 

12-15 


1232 

2 

1002 

228 

874 

384 

475 


071 

8 13 

3 70 


Diet 1 

16-19 

10 

1232 

3 

1010 

219 

874 

352 

467 

mi 

0^8 

8 40 

335 

1037 

Diet 1 

20-23 

11 

1232 

2 

1001 

229 

874 

332 

484 

58 

1 12 

835 

3 43 


Dkt 1 

24-27 

12 

1232 

5 

785 

442 

874 

421 

368 

85 

4^8 

803 

3 66 


Diet 1 NH\Ct mixture 

28-1 

13 

1232 

32 

1089 

111 

874 

494 

432 

-52 

1 42 

835 

334 


Diet 1 NHiQ mixture 

December 2-5 

14 

1232 

7 

1140 

85 

874 

346 

514 

14 

1 19 

8 66 

231 

7 77 

Diet 1 

6«9 

15 

1232 

3 

90S 

321 

874 

399 

397 

78 

1^ 

7 87 

339 


Diet 1 

10-13 

16 

1232 

0 

1164 

68 

874 

424 

520 

-70 

1 13 

8 08 

3 50 


Diet 1 

14-17 

17 

1424 

3 

1410 

11 

1046 

423 

546 

72 

3 19 

7 76 

3 41 

6 54 

Diet 2 (6 csgs) 

18-21 

18 

1393 

1 

1084 

308 

994 

494 

358 

142 

1^1 

8 46 

331 


Diet 3 16 cBfis) 

22-25 

19 

U93 

3 

1004 

386 

994 

438 

349 

107 

1 73 

844 

3 44 


Diet 3 (6 e8ss) 

26-29 

20 

1393 

12 

941 

440 

994 

379 

380 

235 

1^9 

8 44 

330 

5 12 

Diet 3 (6 eggs) 

30-2 

21 

1393 

31 

624 

738 

994 

300 

324 

370 

163 

830 

3 46 


Diet 3 (6 eggs) 

January 3-6 

22 

1393 

53 

495 

845 

994 

303 

308 

383 

121 

8 17 

3 74 


Diet 3 <6 eggs) 

7-10 

23 

1393 

116 

470 

807 

994 

269 

2S6 

439 

1 68 

8 61 

3 84 


Diet 3 (6 eggs) 

11-14 

24 

1393 

154 

449 

790 

994 

226 

299 

469 

1 27 

844 

423 

431 

Diet 3 (6 eggs) 

15-18 

25 

1393 

158 

428 

807 

994 

274 

290 

430 

1^9 

860 

4 48 


Diet 3 (6 eggs) 

19-22 

26 

1393 

188 

481 

724 

994 

260 

321 

413 

1 SI 

6 42 

431 


Diet 3 (6 eggi) 

23-26 

27 

1393 

108 

422 

863 

1338 

5 17 

260 

561 

240 

837 

466 


Diet 3 (6 eggs) 4- NarPOr 

27-30 

28 

1393 

97 

447 

849 

U38 

532 

300 

506 

2 02 

8 43 

4 97 

235 

Diet 3 i6 eggs) 4- NajPOt 

31-3 

29 

1393 

94 

442 

857 

1338 

355 

324 

659 

1 95 

8 67 

4 74 


Diet 3 (6 eggs) -f NaiPOt 

February 4-7 

30 

1378 

106 

410 

862 

1278 

546 

279 

453 

138 

8 48 



Diet 3 (6 eggs) 4* NoiPOi 

8-11 

31 

1239 

142 

502 

1 595 

860 

334 

258 

268 

1 -035 

. 8 61 



Diet 4 

12-15 

32 

1245 

43 

508 

1 694 

878 

354 

303 

221 

1 063 

8 93 



D\cl 4 

16-19 

33 

1245 

21 

481 

473 

878 

256 

278 

344 

1 1 58 

8 92 

401 


1 Diet 4 

20-23 

34 

1245 

23 

663 

! 559 

1 878 

mSm 

303 

248 

1 -0 49 

3 IS 

3 76 


1 Diet 4 

24-27 

35 

1245 

23 

681 

1 541 

, 878 


318 

271 

; -0 08 

8 OQ 

3 97 


; Diet 4 

23-3 

36 

1 1245 

16 

720 

1 509 

1 878 

Km 

343 

178 

-0 24 

834 

337 


Diet 4 

March 4-7 

37 

! 1245 

0 

763 

1 482 

: 878 

354 

! 312 

212 

031 

832 

3 72 

6 14 

, Diet 4 

3-U 

38 

1245 

5 

910 

1 330 

1 878 

344 

1 354 

180 

0 61 

839 

3 72 


1 Diet 4 

12-15 

39 

I 1245 

0 

B96 

1 349 

' 878 

412 

362 

104 

-0 91 

8 68 

3SS 


I>let4 

16-19 

40 

i 1245 

0 

959 

286 

878 

373 

, 358 

147 

0 99 

84)1 

3 41 


Diet 4 

20-23 

41 

1 1245 

0 

1032 

213 

878 

400 

. 364 

114 

-0 14 

S 15 

336 

738 

Diet 4 

24-27 

42 

1245 

0 

1025 

220 

878 

369 

, 369 

140 

131 

8 20 

3 18 


Diet 4 

28-31 

43 

! 1245 

0 

' 1132 

113 

878 

323 

396 

159 

1 46 

832 

2 70 



April 1-4 

■u 

: 1245 

6 

; 1045 

194 

878 

304 

' 366 

208 

1 61 

766 

3d)B 


Diet 4 Vlgantol 1/24 cc dally 

5-8 

45 

n45 

I 10 

992 

243 

878 

354 

344 

180 

137 

8 42 

3 22 


Diet 4 Vigautol 1/24 cc dally 

9-12 

46 

1245 

1 2 

939 

304 

878 

303 

344 

231 

239 

8 94 

332 

5 96 

Diet 4 Vlgantol 1/24 cc, dally 

13-16 

; 47 

I 1245 

1 ^ 

84S 

395 

878 

299 

306 

273 

1 40 

8 61 

333 


Diet 4 Vlgantol 1/24 cc daily 

ir-20 

' 48 

! 1245 

1 3 ' 

710 

532 

878 

260 

310 

308 

-1 40 

831 

337 


Diet 4 

21-24 

1 49 

1245 

1 3 

732 

SIO 

878 

254 

308 

316 

036 

838 

2 99 


Diet 4 

25-28 

50 

1245 

I 0 

742 

503 

878 

287 

309 

282 

IXIS 

8 74 

3 60 

5 93 

Diet 4 

29-2 

' 51 

1245 

! 0 

808 

437 

878 

297 

297 

284 

0 90 

830 

3 12 


Diet 4 

May 3-6 

1 52 

1 1245 

1 0 

861 

384 

878 

352 

316 

210 

04)5 

864 

3 75 


Diet 4 

7-10 

53 

1245 

0 

896 

349 

878 

322 

346 

210 

1 00 

809 

36S 


Diet 4 

11-14 

1 54 

1245 

0 

734 

511 

878 

326 

285 

267 

1 18 

835 

3 68 


I>iet4 

15-18 

; 55 

1245 

I 0 

745 

500 

878 

278 

325 

275 

142 

836 

3 22 


Diet 4 

19-22 

56 

1245 

: 0 

865 

3S0 

878 

230 

379 

269 

178 

836 

3 48 


Diet 4 Vlgantol 1 cc dafly 

23-26 

57 

1245 

21 

644 

580 

878 

200 

282 

396 

165 

8 83 

333 


Diet 4 Vlgantol 1 cc dally 

27-30 

58 

1245 

n 

580 

654 

878 

232 

259 

387 

0 95 

844 

334 


Diet 4 Vlgantol 1 cc daily 

31-3 

1 59 

1245 

1 27 

494 

724 

878 

192 

244 

442 

187 

834 

433 


Diet 4 Vlgantol 1 cc daily 

June 4-7 

1 60 

1 

1245 

1 

82 

434 

729 

878 

189 

236 

453 

179 

832 

432 

405 

Diet 4 Vlgantol 1 cc, daily 


the average calaum retention m penods 3 to 5 
amounted to 45 per cent of the intake The 
average phosphorus retenbon of the correspond- 
ing penods was almost 28 per cent of the intake 
The unnary phosphorus ran low The seniin 
calaum was around 8 ragm per cent but the m- 
organic phosphorus was more t han 4 mgm per 
cent 


The effects of 100 to 300 cc of a solution 
containing 06 rr sodium atrate and 09 N atnc 
aad and a solid mixture of 60 to 120 milhequi- 
valents of ammoniura carbonate and of ammoniuxn 
chlonde were studied dunng penods 6 to S and 
12 to 13, respecbvely As m Case 1, we cannot 
attnbute any important changes to the use of 
these salt mixtures other than a slight drainage 
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Full Doses 


of urinary calaum and a definite increase of uri- 
nary phosphorus, together with shght inapairment 
of phosphorus retention during the penods of 
ammonium chlonde administratioiL 

It is, however clear that throughout penods 3 
to 16 there was an unmterrupted trend of reduc 
Uon m both the calaum and the phosphorus 
rctentioTL The calaum retention m period 16 
measured less than 6 per cent of the mtake. This 
was entirely due to a progressive mcrease m fecal 
calaum. Both the unne and the fecal phosphorus 
increased the unne more so The phosphorus 
balance during penod 16 was defimtely negative. 
The serum calaum did not change but the mor- 
ganic phosphorus dropped to a distinctly lower 
level Agam these findings may be taken as 
characteristic effects of vitamm D depletion The 
experimental diets were suffiaently devoid of 
vitamm D to allow such depletion to take place. 

II The effect of six eggs Two hundred grams 
of egg approximately eqmvalcnt to six average 


sized Chmese hens’ eggs contained 80 grams of 
yolk, which was estimated to contam not more 
than 400 mtemattonal umts of vitamm D This 
was given daily dunng penods 17 to 26 There 
was a sudden progressive reduction of fecal cal 
aum and a similar reduction of urinary and fecal 
phosphorus. With further reduction of fecal 
calaum unnary calaum began to appear and 
reached a significant proportion by the end of 
the last penod of egg ingestion The result of 
these changes was a marked increase of calaum 
and phosphorus retention which reached their 
maximum — namely about 61 per cent of the m- 
takc — m the sixth penod of egg ingestion This 
high degree of calaum retention was maintained 
for the following 4 penods. The changes in the 
scrum calaum were insignificant but the morganic 
phosphorus rose to a perfectly normal level. 

When more phosphorus was given m the form 
of a solution of tnsodium phosphate m penods 
27 to 30 the unnaiy calaum decreased shghtly 
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and there resulted a sbght further increase of 
calaum retention The phosphorus retention was 
also further increased but most of the excess 
phosphorus appeared m the unne 

The optimal calaum balance continued un- 
changed for about 7 penods after the egg inges- 
tion was discontinued Then the effect of the 
egg diet began to wear off First of all the unne 
calaum decreased and later disappeared The 
fecal calaum mcreased steadily Both the unne 
and the fecal phosphorus increased The serum 
calcium decreased slightly and the serum inor- 
gamc phosphorus once more came down to a very 
low level By penod 13 the effect of the egg 
diet may be considered to have entirely disap- 
peared The calaum retention then was only 9 
per cent of the mtake compared with the average 
optimal retention of 57 per cent during penods 
22 to 26 

To summarise this experiment six eggs daily 
for forty days brought about a maximal calaum 
and phosphorus retention in twenty-four days 
after the commencement of thar ingestion The 
maximal retention was mamtamed for forty-aght 
days or twenty-aght days after the egg mgestion 
was stopped It took sixty-eight days after its 
discontinuation for the benefiaal effect to dis- 
appear completely 

III The effect of mtmnal and full doses of 


Vigantol One cc of a diluted Vigantol (1 24) 
contammg 500 international units of vitamin D 
\vas given dunng penods 44 to 47 Its action 
on the calaum and phosphorus balances was seen 
immediately and the maximal effect was obtained 
in the penod immediately after the drug was dis- 
continued This improved calcium and phos- 
phorus retention continued for 3 more penods 
before it began to decline A slight increase of 
the serum calcium and inorganic phosphorus was 
also noticeable The defimte but transient effect 
of the small amount of Vigantol observed in the 
present case resembled that observed m Case 1 
m a remarkably close manner 

When the full dose of Vigantol, 1 cc containing 
12,000 mtemahonal umts of vitamin D, was given 
m the last 5 penods, the calaum retention was 
naturally further improved and calaum began to 
appear m the unne The unne and fecal phos- 
phorus decreased, resulting in more favorable 
phosphorus balance The serum inorganic phos- 
phorus was raised to over 4 mgm per cent There 
was no time to observe the maximal degree of 
improvement and the course of depletion 

Case 3,L T L , osteomalacia and rickets 

The Vitamin D -deficient and calcium-low diet 
and the production of negative mineral balances 
as a sign of vitamin D depletion This patient 


TABLE IV 


Case 3 L T L Calcium and phosphorus metabolism during mtamin D depletion while on a low calcium diet 


Date 

1937-1938 

Pe- 

riod 

four 

day 

Caldum asaate daily 

FhoiphorUSt aserage daily 

Nf- 

tiogen 

ance 

avtragi 

daUy 

Serum 

Remar kf 

In 

take 

Urine 

Stool 

Bal 

ance 

In- 

take 

Urine 

Stool 

Bal 

ance 

Cal- 

dum 

Pboa 

phoru* 

Pho»- 

pba 

taae 












mgm 

mgm 







mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

(rams 

per 

CCHi 

per 

cent 

uhUs 



November 8-1 1 

1 

167 

8 

46 

113 

549 

234 

159 

156 

0 91 

6 56 

3 69 

11 00 

Diet 1 


12-15 


167 

8 

42 

117 

549 

274 

143 

132 

0 92 

6 94 

4 09 


Diet 1 


16-19 


167 

6 

62 

99 

549 

308 

193 

48 

0 47 

566 

4 29 


Diet 1 

NH.CI 

20-23 


161 

65 

78 

18 

538 

331 

204 

3 

0 08 

664 

4 01 


Diet 1 

24-27 

5 

167 

86 

110 

-29 

549 

412 

226 

- 89 

-0 301 

6 12 

4 15 


Diet 1 

NH 4 CI 

28-1 

6 

167 

89 

123 

-45 

549 

452 

227 

-130 

-0 06 

6 07 

399 


Diet 1 

NH 4 CI 

December 2-5 

7 

167 

84 

137 

-54 

549 

400 

242 

- 93 

0 31 

5 92 

401 


Diet 1 

NH 4 CI 

6-9 

8 

167 

32 

139 : 

- 4 

549 


274 

-104 

0 98 

6 21 

4 07 


Diet 1 


10-13 

9 

167 

19 

136 

12 

549 


195 

- 32 

109 

5 92 

4 15 


Diet 1 

NaHCOi 

14-17 : 

10 

167 , 

4 : 

172 

- 9 : 

549 


250 

- 75 

0 97 

5 74 

4 09 


Diet 1 

18-21 

11 

167 

6 

208 

-47 

549 

373 

290 

-114 

063 

5 96 

4 24 


Diet 1 

NaHCOi 

22-25 

12 

167 

7 

198 

-38 

549 

371 

226 

- 48 

0 65 

5 66 

4 06 


Diet 1 

NaHCOj 

26-29 

13 

1 167 

13 

140 

! 14 

549 

330 

233 

- 14 

0 86 

5 42 

3 96 


Diet 1 

NaHCOi 

30-2 

14 

i 167 

19 

I 208 

-60 

; 549 

326 

290 

- 67 

0 96 

5 76 

3 87 


Diet 1 


January 3-6 

7- 

15 

! 167 

17 

1 

227 

-77 

: 549 

417 

261 

-129 

0 73 

5 70 

4 01 

4 06 

10 44 

Diet 1 























CAJXnJU AND PHOSPHORUS METABOUSM IN OSTEOilALACU 


357 



PERIOD 

Fig. 3 Casi 3, L. T L. Calcium and Phosphobds 
Mjstabousm Ddwnc Vitamin D DmxnoN While on 
A Low Calciuu Dirt 

Legcodj 05 m other figtirea. 

had been on a full hospital diet for one month 
m the orthopedic service pnor to the present study 
The diet included eggs milk and sometimes hver 
No vitaram D medication or ultraviolet irradia 
tion was presenbed When she was put on the 
low calaum and vitamm D -deficient diet her 
calcium and phosphorus metabolism ^va3 found to 
be remarkably conservative. She was able to 
retain on the average 110 mgm, of calcium out 
of a daily mtake of only 167 mgm m periods 1 
to 3 The phosphorxis retention was equally fa- 
vorable. The serum calaum rather low to start 
with, showed a tendency to decline further with 
the low calaum intake. The serum morganic 
phosphorus however, ivas mam tamed m the 
neighborhood of 4 mgm per cent 


Ammomum chlonde and sodium bicarbonate 
m doses of 30 to 40 milhequivalents daily were 
given durmg penods 4 to 7 and 10 to 13 respec- 
tively The marked increase of unnary calaum 
and phosphorus \vas attnbuted to the action of 
the aad producing salt, ammomum chlonde, but 
no ch a ng e could he assigned to sodium bicar- 
bonate. This opinion was vtell corroborated by 
the findings of Farquharson and associates (6) 

When one peruses the figures for fecal calaum, 
ignonng the unnary calaum for the time being, 
a staircase nsc of fecal calaum throughout pe- 
nods 4 to 15 becomes apparent This progres- 
sive mcrease of fecal calaum was in no \vay re 
lated to the aad and alkali adraimstrahon The 
calaum balances durmg penods 10 to 15 with 
the exception of penod 13 became negative 
mainly as the result of large stool calaum excre- 
tion, which exceeded the mtake. The phosphorus 
balances were also negative, with the unne and 
stool shanng the drainage The serum calaum 
dropped to below 5 5 mgm per cent. All these 
changes are best cxplamed on the basis of vitamin 
D depletion The distongmshing features m this 
experiment are the low calaum intake and the 
negative calaum and phosphorus balances. These 
are the orcumstances which must have existed m 
aU cases of osteomalaaa at one tune or another, 
although they are rarely observed m metabolic 
expenments The negative calaum and phos 
phorus balances observed m this patient on a 
vitamm D*defiaent and calaum low diet, although 
small m extent, are significant, particularly when 
th^ are continued. They give us an insight into 
the pathogenesis of osteomalaaa. 

Case 4 Baby IV H S iwrmal ittfaiti 

Incipient changes tn calaum metaboltsm follow- 
ing vttanun D depletion This was a normal in- 
fant whose mother was suffering from osteoma- 
laaa and who had recaved 20 cc. of Vigantol in 
four days about one month before delivery and 
30 cc cod liver oil daily for six days immediately 
after partuntion The calaum and phosphorus 
metabohsra of the mother w’as undoubtedly bene- 
fited by the vitamm D mtake, and the baby was 
protected from fetal nekets The experiment was 
primarily designed to demonstrate the maternal 
transmission of vitaram D in the milk, the details 
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Fig. 4 Case 4, W H S Calqum and Phosphorus 
Metabousm of a Breast-fed Infant Showing Vita- 
min D Depuetion With Subsequent Replenishment, 
Aii Via Mother's Milk 

of which are reported m a preceding communica- 
tion (IS) ^ We are interested here particularly 
m the changes of calcium and phosphorus metabo- 
hsm during the penod of vitamin D depletion 
The baby received mother's milk exclusively 
throughout the expenment and the mother was 
not given any vitamin D until 18 periods of con- 
trol observation were completed in seventy-two 
days A senes of events happened dunng these 
penods (Figure 4) The unne calcium, which 
\vas relatively large m amount, disappeared slowly 
The fecal calaum increased but a good calaum 
retention was still maintamed There ^vas a slight 
lowering of serum calaum and inorganic phos- 
phorus However, no significant changes were 
observed m the phosphorus balances which re- 
mained conservative 

iPart of Figure 4 of the preceding paper (15) is 
reproduced here for convenience. 


When 2 cc of Vigantol were given to the 
mother daily immediately after penod 18 and con- 
tinued till the end of the expenment, an undeter- 
mined amount of vitanun D must have reached 
the baby through the milk The reverse phe- 
nomenon took place The fecal calcium decreased 
almost to ml Unnary calaum made its appear- 
ance again The net percentage of calcium reten- 
tion was slightly better The serum calcium and 
inorganic phosphorus showed definite increase 
The phosphorus balance remained as good as 
before 

The changes m the calaum and phosphorus 
metabolism observed m the first 18 penods (ac- 
tually 10 penods), may be representative of vita- 
min D depletion Inasmuch as the mmeral reten- 
tion remamed favorable, the shifting of calcium 
ehmination from the unne to the stool might be 
regarded as an mapient change m the mineral 
metabolism m the direction of development of 
nckets or osteomalaaa This was corroborated 
by the suggestive x-ray findings shortly before 
vitamin D was given to the mother 

DISCUSSION 

The results of the present investigation confirm 
completely our contention repeatedly expressed m 
former communications (2, 3, 4, IS) that the diet 
durmg the pre-experimental penod and the vita- 
min D medication, even though in small doses 
and given some time previously, play an important 
role in determming the status of calcium and 
phosphorus metabolism at the beginning of the 
experiment It cannot be doubted that small 
doses of vitamin D m the form of cod liver oil 
given for a limited penod and the even smaller 
amount of vitamin D included m the hospital diet 
for many weeks can bnng about a favorable cal- 
aum and phosphorus balance Although this 
benefiaal effect is of limited duration it cannot 
be appreaated until one is prepared to extend 
control observation on a vitamin D-defiaent diet 
for a prolonged penod This arcumstance has 
not escaped the attention of early investigators 
Hess, Weinstock and Tolstoi (10) realized the 
influence of the diet during the pre-experimental 
penod on the susceptibility of rats to nckets 
The refractory state occasionally encountered m 
certain groups of rats was found to be due to the 




calciuii and phosphorus ubtabousm in osteomalacia 


359 


liberal diet during the pre-cxpemnental penod 
It \vas overcome and the young rats were rendered 
susceptible to nekets by feeding the mother and 
young a less adequa t e diet throughout the suckling 
penod 

Thus m any mveshgation on calaum and phos 
phorua metabolism, the status of the vitamm D 
factor, past and present, must be dearly defined 
and segregated lest false mterp relations be made. 
This 13 not an easy matter, m view of the fact 
that minimal doses of vitanun D are effective and 
their effect is sustamed long after their discon 
tinuation. Therefore, m order to ascertam and 
separate the effect of previous vitamm D admin- 
istration and of subsequent withdrawal control 
metabohe observations for many penods are es- 
sential 

On the basis of the present study we feel 
justified m condudmg that our generally used 
experimental diets m this senes of investigations 
are defiaent m vitamiu D They certainly cannot 
be rehed upon to exert any curative effect on 
osteomalacia or nekets nor can they maintain 
whatever beneficial effect may have accrued from 
a previous regimen. It must be noted however, 
that these diets essentially cereal vegetable meat- 
oil conform to the better one of the two types 
of dietary used by the mass of population in 
Peipmg (8) Common vitamin D-contaming 
foods such as eggs, milk butter fish chicken and 
hver, etc,, arc not available to the majonty of the 
population. It IS our impression that they denve 
their full or partial vitamm D reqmrcment from 
non-dietary source or ultraviolet irradiation from 
the suiL It 13 also our opimon that subchnical 
vitamm D deficiency must be rather prevalent 
among the population, particularly those who lead 
a confined hfe. 

The most mteresting and instructive feature m 
the present mvestigation is related to the metabohe 
changes following the withdrawal of vitamm D 
In a way these changes may be taken to represent 
the metabolic process m progress m the course of 
development of nekets or osteomalacia In the 
case of calaum these consist of (I ) a diminution 
and, later disappearance of unne calaum (2) 
a progressive increase of stool calaum as the re- 
sult of mcrcasmg difficulty m the mtestinal ab- 
sorption of the mmeral and (■?) a progressive 
decrease of calaum retention on adequate mtakc 


or actual loss of the clement on low mtake 
Simidtancously or somc\vhat later the phosphorus 
excretion is increased both m the unne and m 
the stooL The mcreased unne phosphorus pre- 
sumably represents that portion of the absorbed 
phosphorus which fails to be deposited m the 
bones because of lack of absorbed calaum The 
fecal phosphorus is mcreased simply by reason of 
the mcreased unabsorbed calaum m the bowels 
Likewise, phosphorus balance suffers. Both serum 
calaum and phosphorus decrease but one may be 
more senously or sooner affected than the other 
In spite of the fact that the derangements of 
calaum and phosphorus metabolism m advanced 
vitamm D dcfiaency are well known and that the 
metabohe response to Yrtamm D therapy m such 
cases is famihar to the students of nekets and 
osteomalaaa the htcrature is devoid of any in- 
formation on the mapient changes that occur m 
the pre- or subclmical stage of the disease, 
Skaar's (18) mvestigation on cxpenmental nekets 
m dogs \vas perhaps the only published work 
which included metabohe observations m the 
course of development of nekets. Even m this 
^vork the author failed to realize the importance 
of publishing data on the changes m the paths of 
excretion of calaum and phosphorus which ac 
compamed the poor retention of the minerals 
The expcnence gamed from the study of the 
effect of small doses of vitamm D on the calaum 
and phosphorus metabolism m osteomalaaa opens 
up the possibihty of assaying m human bemgs the 
relative antirachitic potency of different vitamm 
D-contaming foods It would be of still greater 
interest to compare the antirachitic potency of 
vitamm Ds of different ongm a question which 
has not been answered satisfactorily by clinical 
expenenccs with nekets (1, 5, 13 14) 

Heymann (11, 12) demonstrated the presence 
of vitamm D m the hver and the blood plasma 
of rabbits for as long as twelve weeks after a 
smgle dose of viostcrol equivalent to 200 000 
mtemational umts. This was more or less con- 
firmed by Guerrant and assoaates (7) m growing 
calves and by VoUmcr (19) m human bangs. 
These facts about the storage of vitamm D fol- 
lowmg oral admmistration provide a logical ex- 
planation for the prolonged durauon of the anti 
rachitic effect of vitanun D More work must be 
done however to determine the extent of 
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m relation to the size of the dose administered 
Further work along the lines started in the present 
mvestigataon would also answer the question as 
to whether the duration of the antirachitic effect of 
a given dose of vitamin D would be proportional 
to the size of the dose 

SUMMARY 

Calaum and phosphorus metabolism was studied 
in 3 patients with osteomalaaa and 1 normal in- 
fant bom of an osteomalacic mother Prolonged 
observation was made while the patients were on 
vitamin D-defiaent diets The infant was given 
breast milk exclusively, while the mother was on 
a similar vitamin D-deficient diet At the begin- 
nmg all 4 cases showed conservative calaum and 
phosphoms balances, due presumably to pnor vi- 
tamin D store either from the hospital diet or 
from medication as cod liver oil But in the 
course of time the following metabolic changes 
were observed The unne calcium decreased and 
then disappeared, the fecal calaum became pro- 
gressively increased , and the calcium balance was 
reduced or became negative when the calaum in- 
take was low The phosphorus metabolism fol- 
lowed a similar imfavorable course , both the 
unne and the fecal phosphorus were increased 
The serum calaum and inorganic phosphorus usu- 
ally diminished but slightly m the course of these 
observations 

These metabolic changes were mterpreted as 
evidence of vitamin D depletion When they 
were put on the experimental diets, which were 
suffiaently devoid of vitamin D to allow the 
depletion of the prior store, whatever benefiaal 
effect they denved from the previous regimen 
disappeared in the course of time, giving place to 
all the metabohc changes enumerated above 
These biochemical alterations are regarded as early 
signs of vitarmn D depletion, as they must go 
on for some time before chmcal evidence of such 
defiaency can be eliated They are helpful m 
providing matenal for reconstructing the meta- 
bolic processes that underlie the development of 
rickets and osteomalaaa 

Experiments with very small doses of vitamin 
D m the form of Vigantol or the addition of eggs 
to the basal diet, as m Cases 1 and 2, demon- 
strated the efficacy of such mimmal doses of vita- 


mm D, and confirmed the supposition that the 
favorable metabolic behavior observed at the be- 
gmnmg of the experiments m all the cases ivas 
due to previous vitamin D store which was given 
up very slowly 

CASE ABSTRACTS 

Case 1, S C C , Hospital Number 6472S, a Chinese 
married woman of 18, was admitted to the obstetneal 
service on October 13, 1938, after she had been m labor 
for thirty hours She gave a history of pam m the 
thighs and difficulty m walking for about three and a 
half years She had been married at the age of 14 
Her menstruation started shortly after marriage and she 
became pregnant for the first time just after the first 
period She \vas apparently well m the first trimester 
of the pregnancy but she began to have pam m the 
thighs and difficulty m walkmg during the remaining 
course of pregnancy She gave birth to the first child 
without dystocia m October 1935 Her symptoms sub 
sided for three months after parturition but recurred 
afterwards The child was fed on the breasts. Pam in 
the thighs and difficulty in walking continued till April 
1936 when her child died of diarrhea. The same symp- 
toms were present from January to April 1937 The 
present pregnancy, her second one, commenced in January 
1938, together wth recurrence of pam m the thighs 
The pam was noticeable on walking, which was difficult 
She was confined in bed most of the time There were 
no symptoms of tetany Labor pains started approxi- 
mately thirty hours before admission but no progress 
was made after repeated examinations by ignorant mid- 
wives She was finally referred to this hospital for 
prolonged labor She had productive cough for Uventy 
days in 1937 and agam for two weeks last spnng She 
never had any fever or hemoptysis The rest of the 
past history was unimportant Her diet was always poor, 
consisting of millet, mixed flour and salted turnip It 
was roughly estimated that she got not more than 2,000 
calories a day Dunng the present pregnancy her food 
intake was even further reduced. 

Physical examination on admission revealed that the 
patient was very small in stature and undernourished. 
Her weight was 34 1 kgm. She preferred to he on her 
side \vith the lower extremities drawn up and adducted. 
She complamed of pain when her legs were extended 
and abducted. Gradually, full extension could be ac- 
comphshed. The adductor muscles of the thighs were 
spastic and tender Thoracic cage was asymmetrical with 
some tenderness over the ribs There was slight degree 
of lordosis of the spme, mtrusion of both acetabulae and 
shght knock-knee. Her head organs were normal except 
for pyorrhea alveolans The lungs were clear and the 
heart of normal sixe but rapid, with a basal systohe 
murmur Blood pressure was 104/70 The abdomen was 
distended by gravid uterus which was m constant con- 
traction. The fetal heart was irregular Pelvic meas- 
urements were I S 21 cm., I C- 23.5 cm., E.C 17.5 am, 
and T O 8 cm. Rectal and vaginal examinations showed 
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that the cervical ot wai fully dilated, the membrane waj 
mtact and the fetal head wai floating There waa shght 
pitting ed em a of the leg*. The tendoo reflexes were 
normal and Ghvostek** and Trousseau s signs were nega 
tjvc. 

Laboratory findings on admission showed that her 
unne contained some albumin, many white blood cells and 
<>fi»a«Tnna1 rcd blood ccUs. Phcnolsulphoncphthalcm ex 
crction was 65 per cent In two hours. Blood count 
Hemoglobm 11.9 grams red blood cells 4 040000 and 
white blood cells 15,950 with 85 per cent polymorphonu 
clear leukocytes. Stool was positive for ova of Ascans 
Blood Wassermann test was negative. Scrum calcium 
was 8,00 mgm. per cent, inorganic phosphorus 1 90 mgm. 
per cent anH phosphatase 10.50 Bodansky units. 

After admission the amnlotic membrane ruptured and 
the ttmhIHrnI cord prolapsciL The fetal heart stopped 
before the cord could be reduced. The dead fetus was 
finally delivered by craniotomy The patient ran a low 
grade fever m the first week after parturition- Then 
the temperature went up higher reaching over 39* C. 
in the next two weeks. During this febrile penod the 
patient did not have much complaint besules slight cough. 
There was shght dullness m the left upper chest an 
tcnorly and rlnllftfif and many crepitant rales m the 
nght bwer uilcncapular area. Blood and unne cultures 
were itcnle. Sputum contained neither pncumococa nor 
tubercle badllL X ray of chest revealed shadows sug 
gesbve of advanced pulmonary tuberculosis of nght lung 
and moderate involvement of left side. X ray of the 
bones at the same time showed slight to moderate degree 
of osteoporosis of all the bones, triradiate deformity 
and contraction of the pelvis, old pathological fractures 
m the pubic and ischial bones, right radius and ulna and 
a few of the nils. The unne then contained but a famt 
trace of albumm. There was a leukocytosis of 11 000 
to 25000 No parasite was ever found m the blood 
smear With supportive treatment the fever disappeared 
m one month. The general condition gradually improved 
and the physical and x ray findbgs m the chest also 
improved. The urine became clear and the leukocytosis 
disappeared. Through the courtesy of Dr K. T Um 
of the obstetnc service, the patent was transferred to 
the metabolism ward for study on November 7 1938. 

During the postpartum penod the patent was given a 
soft diet and later a high caloric soft diet These diets 
including a nhn al protem and eggs, were supposed to be 
ade)quatc. She received two doses of cod Irver oil 10 
cc. each, on October 17, 1938, and another two similar 
doses on November 4 1938, Throughout the period of 
study m the metabolism ward the patent did welL How 
CTcr her appette was limited so that the qinuittatvc 
diets were of small calonc value. In penods 45 to 46 
she developed a swelling of the left cheek anr^ toothache. 
This was du g n osed as a radicular cyst with mfecton. 
Exdsioo was done. This disturbed the metabohe study 
for 2 penods because the food intake was irregular 
The pam m the thighs disappeared gradually after 
hospitalization. The x ray findings fa hmgs also 


disappeared. She was discharged oo June 1 1939 m 
good condition. 

Case 2 L. C Y Hospital Number 64677 a 45-ycar 
old Chinese widow was admitted to this hospital on 
October 6, 1938, with the complaint of multiple jomt 
pam and muscular achmg for more than two years. The 
patient began to have aching m the bwer back and 
thighs m February 1933 These symptoms contmued till 
September and then subsided. In March 1936 she de- 
veloped pain fa the left lower chest, cough and fever 
While the latter symptoms contmued pain m the back 
and the thighs retunicd In October 1936, The pain 
gradually mvolved the whole lower extremities so that 
final ly she could not walk. These symptoms became 
worse through the wmter of 1937 when she had, m 
addition, numbness of the hands and feet and, on several 
occasions, spasms of the bands. She came to the out 
patient clinic for treatment fa June 1938, Rheumatic 
heart disease, with mitral stenosis but without heart 
failure, and osteomalacia were diagnosed. Thirty cc. of 
cod liver oil daily were prescribed and 500 cc. of the 
oil were supphed. At the same tunc edema of lower 
extrenutiei was noticed for twenty days. However the 
pom m the back and lower extremities was much im 
proved following the medication. She was then able to 
walk with a stick. 

She had had occasional attacks of palpitation of the 
heart and shortness of breath ever imee she wai 20 
years of age. She gave no definite history of jomt 
pains before the onset of the present iJtacss. She had 
had attacks of epistaxis since the age of 15 or 16. She 
had gradually lost her sense of smeH m the year preced 
mg her admistioo. Her menstroation bad always been 
irregular and scanty and it had stopped two years pre- 
viously She had been married at 18 but had never 
become pregnant Her husband had died ten years pre- 
viously of chronic cough and hemoptysis of many years 
standing Her diet had been poor consisting of millet, 
white flour and com floor with salted and fresh vege 
tables. She had never had any anmiat food nor any 
fat or oil for poolong 

Physical examination revealed that the patient was 
short and undemouriihed. Waght was 36B kgm, and 
haght was 148 cm. She appeared comfortable. Her 
breath was fouL Post pharyngeal mucosa and nasal 
mucosa were dry and atrophic Many teeth were miss- 
ing a few were canons, and some were loose. There 
was pyorrhea alvcolaris. The nght lobe of the thyroid 
gland was slightly enlarged. The fangs were dear 
The heart was slightly enlarged. A nunblfag diastolic 
murmur was present at the apex. P~2 was not accen 
tuated. Blood pressure was %/60, The abdomen was 
soft and no vUcem were pali^lc There was slight 
edema fa the legs. No skeletal deformity or any bone 
t en d er ness was observed. No spasm or tenderness was 
present m the adductor muscles of the thighs. Chvostelds 
sign was positive but Trousseaus sign was negative. 
Tendoo reflexes were normaL Pelvic measurements were 
normal 
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Laboratory findings Urme was dear and PSP ex- 
cretion \vas 70 per cent in two hours. Blood count 
Hemoglobin 119 grams, red blood cells 4,220,000, white 
blood cells 7,000 Blood smear was normal Stool was 
normal Blood Wassermann ^vas negative. Serum cal- 
aura was 7 63 mgra per cent^ morganic phosphorus 425 
rogm. per cent and phosphatase 1327 units. Plasma 
albumin was 3 47 per cent and globulm 3 45 per cent 
Basal metabolic rate was 4- 8 per cent Electrocardio- 
gram revealed normal mechanism X-ray exammation 
showed that the frontal area of the heart was 16 per 
cent oversized, with enlargement m the left auricular 
region There was no gross deformity of the bones 
but moderate degree of osteoporosis and coarsening of 
trabeculae of all the bones were present Old pathologi- 
cal fractures were seen m the nght 5th and 9th nbs, 
and the left 6th, 7th and 10th nbs Old fractures were 
also present m both scapulae and in the left 2nd meta- 
carpal bone. There was mild biconcavity of the lower 
thoraac and upper lumbar vertebral bodies and shght 
deviation of the symphysis pubis towards the nght side. 
In the course of study, which lasted from October 
1938 to June 1939, the patient was much unproved. She 
gamed 13 kgm of weight Her cardiac condition was 
well compensated Her atrophic rhinitis was also treated 
by means of estrone spray with improvement She \va 3 
discharged on June 10, 1939 m good condition 
Case 3, L. T L , Hospital Ntwiber 60504, a Chinese 
girl of 16, was admitted to the orthopedic service on 
September 28, 1937, with the complaint of pain m the 
knees for three years and progressive deformity of the 
lower extremities, spme and chest for one and a half 
years The patient was apparently well up to about 
three years before admission when she began to ex- 
perience a dull pain m both knee joints, particularly on 
motion. Symptoms continued but were not severe. In 
January 1936 the patient had scarlet fever which cleared 
up in seven days In March 1936 she began to notice 
difficulty m extending her knees One month later her 
hips also could not be fully extended. Walking became 
difficult and she was completely confined m bed De- 
formity of the lower extremities became progressively 
worse so that on admission the lower extremities were 
permanently held at 90“ at the hips and at the knees 
With the onset of deformity of the lower extremities 
she had dull pam m the upper spine and in the sternum 
This was followed by a bulging deformity m her nght 
upper back and protrusion of the sternum. She denied 
having had any symptoms of tetany The patient had 
been bom m a poor family Hunger had been a com- 
mon experience. She had had a fair amount of sun- 
light exposure before she had become incapacitated by 
her defonmfaes but practically none durmg the past year 
and half Menstruation had not yet started. 

Exammation showed marked underdevelopment and 
undcmutntion. Weight was 196 kgm., height 1158 cm. 
She was mentally alert but very quiet No deformity of 
skull vids present Both wnsts were distinctly enlarged. 
The thorax was markedly deformed with crumblmg of 
the sternum, so that the distance betvicca the sternal 


notch and the xiphoid process measured only 12 cm. 
There were enlarged costochondral junctions over the 
lower nbs, obtuse subcostal angle and suggestive Har- 
rison's groove Marked thoraco-Iumbar nght kypho- 
scoliosis was present The lower extremities showed 
marked muscular atrophy and contractures, extension at 
hips and knees was only possible to 90“ Pelvis was 
markedly contracted wth very narrow pubic arch and 
the transverse outlet measured less than 3 on. Head 
organs were essentially normal Skin ^vas dry and 
hyperkcratotic. Dark adaptation was only 1/20 of nor- 
mal. Superficial lymph nodes were palpable Thyroid 
gland was diHusc^y enlarged but more so on tlie nght 
side There were no signs of mcreased vascularity 
Lungs showed dullness, with diminished breath sounds 
m the nght upper area. The heart was normal The 
abdomen protruded and the liver edge was palpable. 
Chvostek's sign was positive, but Trousseau's sign was 
negative and Erb's sign was doubtful 

Routme laboratory examination revealed normal urine, 
moderate anemia with slight eosmophiha and presence 
of ova of Taenia m the stool Blood Wassermann test 
was negative. Serum calaum was 7 5 mgm per cent, 
morgamc phosphorus 3 1 mgm per cent and phosphatase 
70 Bodansky umts Plasma albumin was 324 per cent 
and globulin 3 04 per cent PSP excretion and urea 
clearance were normal Basal metabolic rate was -f 172 
per cent X-ray examination showed that all the bones 
were moderately to markedly osteoporotic. Marked sco- 
liosis of the mid-thoracic spine and markedly exaggerated 
sacral curve were present The vertebral bodies were 
moderately flattened with biconcave deformity The pel- 
vis was deformed with mtrusion of both acetabulac. 
Costochondral ends of the nbs were broadened The 
epiphyseal ends of radius and ulna were moderately 
expanded and hazy with famt areas of radioluccncy 
Irregularities and shght cupping were also present Sim- 
ilar but less marked changes were observed m the epi- 
physeal ends of the tibia, fibula and femur There was 
shght thickening of penosteum of most of the long bones 
Her lungs appeared fairly clear 

The patient was first treated on the orthopedic service 
with Russell's traction to both lower extremities from 
September 28 to October 31, 1937 She was on full 
hospital diet, vitamm D medication was purposely with- 
held. With the kind permission of Drs C M Meng 
and H C Fang, the patient was transferred to the 
metabolic ward for study on November 1, 1937, when 
her deformities of the lower extremities were consider- 
ably improved as the result of traction. Her tacniasis 
was treated successfully with asptdu oUarestna and proved 
to be due to Taenia soliuni Three senes of metabolic 
studies were made, the first of which was reported in 
the present communication. She was treated, after the 
first senes of study, with ultraviolet irradiation and 
improved greatly However, she developed a psychosis 
which did not improve until some time after discharge 
on May 30, 1938. 

Case 4, W H S, Hospital Number 66085, a Chinese 
male baby, was bom of an osteomalaac mother on Feb- 
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mary 7 1939 by cesarean section. Tbe history was 
given under Case 4b of the preceding paper (IS) 
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There is general agreement that the ne^ver 
methods for the quantitative determination of 
plasma prothrombm (1, 2, 3 4) measure a de- 
fiaency that frequently occurs m jaundiced in- 
dividuals Numerous studies (5, 6 7 8, 9) 
mdicate that a reduction m prothrombm is respon- 
sible for the hemorrhagic diathesis which some 
of these patients exhibit Some mvestigators (3, 
8 10 11, 12, 13) conclude that the prothrombin 
defiaency and the hemorrhagic state associated 
\vith it, can be corrected by the administration 
of preparations containing the fat soluble anti- 
hemorrhagic vitamin K, with bile salts 

The use of vitarmn K m the treatment of the 
bleeding tendency m obstructive jaundice was first 
proposed on theoretical grounds by Quick (14) 
Actual clinical trial of this therapy was bcgim 
mdependently shortly afterwards by Warner 
Bnnkhous and Smith (2) Butt, Snell and Oster- 
berg (15) and Dam and Glavmd (16) These 
reports and subsequent studies have been ex- 
tremely enthusiastic regarding the value of crude 
concentrates of vitamm K admmistcred wth bile 
salts m restoring the prothrombm to normal and 
m control! mg hemorrhage m jaundiced mdivid 
uals. Very fe^v failures have been reported (13) 
The purpose of the present mvestigation was to 
study critically the efficacy of this new therapy 
m a large senes of consecutive cases of hver or 
biliary tract disease, 

UETHons 

Prothrombm determinahon. The plasma prothrombm 
was measured quanUUtivcly by a modified Quick method 
which has been described elsewhere (9) The prothrom- 
bm time was detennmed on 0.1 cc. portions of oxalatcd 
plasma In clean dry 100 by 13 mm. test tubes In. a water 
bath at 37.5 C No plasma ihowing gross hpcmia was 
used. An excess of thromboplastm was tupphed by the 

iThls study was asded m part by a grant from the 
Wisccsism Alttmni Research Foundatkra. 


addition of 0 1 cc. of a freshly prepared salme suspension 
of acetone dehydrated rabbit bram. One-tenth cc. of an 
optimal caldum chloride solutloa (9) was added with a 
blow pipette, and the tunc required for coagulation after 
the addition of calaum was observed with a stop watch. 
With optimal recalcification th/» normal prothrombm litriw 
was 10 seconds (equivalent to 100 per cent) The pro- 
thrombm tunc ^vas converted to the percentage coocen 
tratioa of plasma prothrombm with the aid of a graph 
previously described (9) The prothrombm was deter 
mined on normal plasma on each occasion to assure proper 
activity of the thromboplastm and the absence of calaum 
contaminatioc of the glaiswarc. All prothrombm de- 
tennmatians were done by the authors. In most cases 
the test was performed three tunes per week, but m many 
mstaoccs it was done daily 

Vitamm K The source of vitamm K used m a ma 
jonty of the present observabons was a preparation of 
dned young cereal plants (oats and wheat) In powder 
form, marketed under the name of CerophyL* A single 
allotment was used throughout the present studies. It 
was stored away from light m an ice box kept at 4 C 
Elvehjem (17) assayed this material at 3-month intervals 
and found on each occasion that it protected chicks from 
bcmorrfaigic manifestations when added to a vitamm 
K free diet in the proportion of 1 400 Ceropbyl con 
tains other vitamins, namely carotene, thiamine, ascorbic 
add and nboflavm. With the possible exception of caro- 
tene, these are present in such small amounts that it u 
unlikely that they would have significant effects. 

The powdered preparation was mixed with miUc, fnnt 
Juice or tomato juice and the suspension administered 
three times daily with meals. The total daily dose varied 
with the individual patient from 27 to 54 cc. These 
amounts were equivalent to from 12 to 24 grams. Gm 
comitantly from 2 to* 4 grams of animal bile salts were 
always given to aid m the absorption of the fat soluble 
vitamin (18) The bfle salt prcparatioo used was Bllroa • 
which was administered m 5 grain capsules. Expencncc 
in this clmic mdicatea that these dosages are greater 
than the minimal requirements for the control of the 
hemorrhagic diathesis in the usual case with obstructive 
jaundice. 

In a few instances preparatiom of vitamin K other 
than powdered Ccrophyl were employed. Five cases were 

*Thc Cerophyl employed was generously supphed by 
the Cerophyl Laboratories, Kansas Qty Ma 

* Eli Lilly and Company Indianapolis, Ind, ^ 
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treated wth 3 grams of a hexane extract of Cerophyl 
daily This concentrate was sixteen times more potent 
by weight than the original material (17) Three pa- 
tients were treated with 1 6 grams of a commercial 
alfalfa concentrate* daily 

The vitamm K preparation and bile salts were admm- 
istered orally to all subjects Occasionally the medica- 
tion was not well tolerated and caused nausea and vomit- 
ing The patients were closely observed and if the 
medication was not retamed it was repeated In such 
individuals it was sometimes necessary to give the medi- 
cation through a duodenal tube. In some patients, who 
could take nothing by mouth for several days after 
operation, continuation of the therapy was achieved by 
admmistration of the material through a duodenal tube 
which was inserted at the time of surgery 
Material studied One hundred and thirty-six con- 
secutive patients with hver or biliary tract disease were 
studied All of the patients were adults except for 3 
infants Each patient was hospitalized dunng the penod 
of observation. The diet m most instances was charac- 
terized by its low fat and high carbohydrate content 
One hundred and five mdividuals m this group had 
various types of abdominal surgery performed 
The diagnosis was definitely established in the majority 
of these patients by histopathological studies In 15 
cases biopsy of the liver was done at the tune of an 
exploratory operation Complete autopsy was performed 
on 8 of the 10 cases who died The icterus index, quan- 
titative urobilmogen studies on the urine, stool examina- 
tions and blood studies were done routmely The serum 
albumin and globulm were determmed m all cases where 
hepatic damage was suspected Additionally, the galac- 
tose tolerance test, hippunc acid test (19), and the 
cephaUn-cholesterol test (20) were frequently employed 

RESULTS 

Incidence of a reduction of prothrombin The 
percentage concentration of plasma prothrombin 
was reduced below 100 in 64 cases, or 47 per 
cent of the 136 patients with hver or bihary tract 
disease studied The remaimng 72 patients had 
a normal plasma prothrombin on repeated deter- 
minations There was no correlation between 
the intensity or duration of jaiindice and the pro- 
thrombin value Table I shows the number of 
patients with normal and reduced prothrombm m 
relation to the pnmaiy diagnosis 

Analysis of patients with normal prothrombin 
None of the 72 mdividuals in whom a normal 
plasma prothrombin was repeatedly demonstrated 
showed evidence of a hemorrhagic diathesis 
Forty-eight of these cases had abdominal surgery 
performed Of this group, 20 patients received 

* “ Klotogcn,” Abbott Laboratones, North Chicago, IlL 


TABLE l 


Incidence of a reduction of prothrombin tn 136 cases of liver 
or biliary tract disease 


Diagnosis 

Total 

num* 

ber 

of 

cases 

Number 

of 

cases 

with 

reduced 

pro- 

thrombin 

Number 

of 

cases 

with 

fUTSCl 

pro 

thrombin 

Chxonlo cboleoystitis with oholctltlilasia 

35 

7 

23 

Chronlo cholec^titu without cholcUthiosU 


1 

IS 

Atrophlocirrbosis of liver i 

12 

0 

3 

Acute bepatitii (toxic) 

g 

7 

3 

Btone in common Ule duct 

7 

6 

1 

Cbsiructive biliary cirrhosis 

d 

d 

0 

hletostatio carcinoma of liver 

6 

3 

3 

Acute cholecystitis 

6 

0 

6 

Stricture of common bUe duct 

5 

4 

1 

Coroinonm of bead of paooreas 

Acute catarrhal jaundice 

6 

5 

5 

1 

1 

4 

Abecess of Gver 

3 

2 

1 

Kxtemal biliary fistula 

3 

3 

0 

SyphiUtio cirrhosis of Gver 

3 

3 

0 

eioDgenital absence of bile ducts 

3 

3 

0 

Band a syndrome 

3 

1 

3 

Chronlo catarrhal jaundice 

3 

0 

3 

Carcinoma of gallbladder 

1 

1 

0 

Actbomycosia of Gver 

1 

1 

0 

Hemochromatosu 

1 

1 

0 

Totals 

136 

61 

72 


vitamin K and bile salts both before and after 
operation, while the remainder were untreated 
No difference was observed in the course of the 
treated and untreated group Three of this group 
of 72 patients died from causes unrelated to their 
bihaiy tract disease 

The remainder of this communication will be 
limited to a report of the observations on tlie 64 
patients who presented a reduction in plasma pro- 
thrombin 

Analysis of patients zvith reduced prothrombin 
who were treated Forty-six patients of the group 
of 64 with reduced plasma prothrombin were ade- 
quately treated with vitamin K and bile salts 
The remainder of this group were selected as 
controls and received no treatment 

The eflfects of vitamin K and bile salt therapy 
on the prothrombin values in the 46 individuals 
with a defiaency of this coagulation factor were 
not imiform Twenty-eight cases showed an in- 
crease of the prothrombin to normal or approxi- 
mately normal values Table II gives the diag- 
nosis, prothrombm percentage before and after 
treatment, and the number of days of therapy re- 
quired to produce the satisfactory response m 
these cases The rate of prothrombm formation 
was quite vanable In most instances the increase 
m prothrombm was charactenzed by a regular 
progression in the percentage concentration AI- 
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Effect of nicmtn K and btU sails on Uto plasma proikrombtn 
%n 28 jaimdiud pattenls wtih rtducsd proiJtromJnn 
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00 
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• Heroorrhage, 


though an increase was usually observed within 
24 hours after treatment ^va3 started the normal 
value was ordinarily not attained until several 
days later These findings arc similar to those 
recently reported by Stmth Ziffren Owen and 
Hoflfinan (21) and are less dramatic than the 
prompt re&ponsea reported in the early Uterature, 
Figure 1 shows the nse m prothrombm which 



Fig. 1 Emex or xin OftAi. Aduikiit*atiok or Vi 
TMtiN K AKa Bua Salts oh thi Piasha pBorniowatN 
IN A Patont wits Oestbuctive Jattnuicb 



Fig. 2. ErTtcr or Tut Oslal AoumiSTaATioK ot Vi- 
tamin K and Bili Salts on thz Plasma Pbothboubin 
IN A Patient with a Chionic Extehnal Buiaby 
Fistula 

followed the administration of vitarmn K and 
bile salts to an mdmdual with obstructive jaundice 
due to stones in the common bile duct Figure 2 
shows the improvement in prothrombm which 
followed similar therapy m a patient with an 
external bihary fistula of one and a half years 
duration Figure 3 presents data from on indi 



tamin K and Bilb Salts and Thkb Withdeawal on 
THE Plasma PaoTHinuBiK in a Patikht with Os- 
STBuenvB Jaundice 

vidual with long standing obstructive jaundice due 
to adhesions about the common bile duct This 
figure clearly shows the return of the prothrombm 
to normal on two occasions coinadent with treat 
ment and the fall to subnormal levels foUoiving 
withdraival of therapy Such data furnish strong 
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TABLE in 


Lack of effect of mtamin K and btU salts on the plasma 
prothrombin in 18 patients vnih reduced proihrovwin 


DiagnosU 

Pro- 

throm 

bln 

before 

Ircai- 

ment 

Pro- 

Uirom- 

bln 

after 

treat 

meat 

Dura- 

tios 

o! 

treat- 

ment 


per 

cent 

per 

cent 

deys 

Atrophic Cirrhosis of liver I 

55 1 

40 1 

27 

Atrophic arrhosis of liver 

70 

50 

24 

Atrophic cirrhosis of liver 

60 

60 

14 

Atrophic cirrhosis of liver 

50 

50 

9 

Atrophic cirrhosis of liver 

28 

12^ 

21 

Atrophic cirrhosis of liver 

47 

50 

14 

Atrophic cirrhosis of liver 

! 45 

; 35 

' 16 

Obstructive biliary cirrhosis 

45 

9* 

i 15 

Obstructive biliary cirrhosis 

40 

15* 

17 

Obstructive biliary cirrhosis 

30 

5* 

18 

Stone m common bile duct 

20 

30 

8 

Stone in common bile duct 

80 

20* 

12 

Caranoma of head of pancreas 

40 

32 

25 

Carcinoma of head of pancreas 

80 

10 * 

14 

Multiple abscesses of liver 

70 

22* 

22 

Metastatic carcinoma of liver 

32 

40 

15 

Congenital absence of bde ducts 

50 

50 

25 

Syphihtic Cirrhosis of liver 

70 

70 

15 


* Hemorrhage 


evidence that the vitamin K and bile salts were 
m some way responsible for the improvement 
noted 

Eighteen of the 46 patients with a prothrombin 
defiaency who were treated showed no significant 
increase in prothrombin and thus may be classed 
as failures Table III gives the diagnosis, pro- 
thrombin percentage before and after treatment 
and the number of days that the therapy was ad- 
ministered in these cases These data show that 
not only was there no increase of prothrombin, 
but in some instances the treatment was accom- 
pamed by an actual reduebon Comparison of 
Tables II and III shows that the durabon of 
therapy was greater in the group of 18 failures 
than m the group of 28 successes In the 18 
cases where there was no increase of prothrombin 
with treatment, the dosage of vitamin K and bile 
salts was often larger than m the group with 
good responses If there was no improvement 
in the prothrombin value after several days of 
treatment the dosage was usually doubled Fig- 
ure 4 shows the failure of response of the pro- 
thrombin to treatment m a case with advanced 
atrophic cirrhosis of the liver This figure is 
^Tiical of the data obtained on the other pabents 
with atrophic arrhosis of the liver In 5 surgical 



Fig 4 Lack of Effect of the Oral Administka 
TioN OF Vitamin K and Bile Salts on the Plasma 
Prothrombin in a Patient with Advanced Atrophic 
Cirrhosis of the Liver 

cases, the therapeutic failure occurred during the 
postoperabve period In each of these 5 patients 
the prothrombin decreased to a low level and 
hemorrhage occurred m spite of the conbnuation 
of therapy Figure 5 gives the data on these 
pabents 

Analysts of patients zvith reduced prothrombin 
who were not treated Eighteen pabents of the 
group of 64 with reduced plasma prothrombin 
served as controls and received no vitamin K or 
bile salts In no case was the period of observa- 
bon less than 12 days Eleven of these pabents, 
7 of whom underwent surgery, showed no sig- 
nificant change in their prothrombin value One 
other untreated pabent showed a return of the 
prothrombin to normal following surgical relief 
of obstruebon to the common bile duct (Figure 
6) The one fatality in this group was an indi- 
vidual with obstrucbve jaundice due to a car- 
anoma of the pancreas m whom the protlirombm 
was persistently below 25 per cent This patient 
became comatose and died after 12 days of ob- 
servation Two large subdural hematomata were 
found at autopsy The remaining 5 untreated pa- 
bents suffered from an acute toxic hepatitis AH 
showed a progressive reduebon m prothrombin 
as the seventy of the disease increased This 
was followed by a gradual return of the prothrom- 
bin to normal with recovery from the hepatitis 
Figure 7 presents data on one of these cases m 
whom the hepatibs followed a hysterectomy under 









SURGEKr SURGERY 

Fic, S PosTOFEHATiVE Decbzase ih Fusua Pkothkombin with Hemobkhace, in S Patunts with 
Obstkucttvi BnjAttY CnuHoni 

inhalation anesthesia. The changes m the pro- patients with a reduction of prothrombin had 

thrombin and icterus mdex shown m Figure 7 defimte abnormal bleeding Seven of these 10 

are typical of those observed m the other patients patients died as a result of hemorrhage. The 

with acute hepatitis. data m Table IV show that the bleeding tendency 

Analysts of patients who bled Ten of the 64 m each case was associated with a marked de 






Fig. 6. Chancxs in the Plasua Peothmubix Fol 
LOWING SuicicAL RcuEr OP Obsteucook to the Cou 
MON Box Duct 


Fio. 7 Changes in the Plasma ProrntOMBiN an» 

ICTERUl InBEX DuKWO THE COUIIE OP AN AcUTC TcuOC 
Hepatitis 
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TABLE IV 


Prothrombin values and clinical notes on 10 jaundiced 
patients who bled 


Diagnosis 

Adequate ' 
vitamin K 
and 

Hie 
salts 
jffiorlo 
fcemonhage ! 

Pro- ' 
throm- 1 
bin at 
time 
of 

hemor 

rhage 

Chnical notes 

E(oii£s la commoa bQe dact 
\ntb ohfttructiTa biliary dr 
rbosis (Case I, Hcuit 5) 

Yes 

per coil 
20 

1 

1 

Maasire Intra abdominal 
hemonhage on 6th poatop* 
erative day Evisceratioru 
Death- Autopsy 

Carcinoma of bead of pan* 
crea* obetnxetivo bili- 

ary drrboBa (Case II, 
Figures) 

Yea i 

10 ' 

i 

Masdve intra- obdondnal 
hemorrhage on 8th post- 
operative day Death. 
Autopsy 

Advanced obstructive bili- 
ary clnboflu (Case IH, 
iisuro 6) 

Yes 

9 

Massive intra abdominal 
bemonhage on 1st post- 
operativo day Death. 
Autopsy 

Advanced obstructive bilL 
ary clirboris (Case IV, 

Hsure 5) 

Yes 

15 

Intra abdominal bemor 
rhage on 4th postoperative 
day Death- Autopsy 

Advanced obstructive bili- 
ary drrhous (Cose Y 

niu«5) 

Yea 

5 

Hemorrhage Into abdominal 
cavity on 16th postopera 
tive day 

Obstructive jaundice due to 
caremOJUa of head of pan- 
creas 

No 

16 

Two larM subdural hemato- 
mata following slight head 
Injury Death. Autopsy 

Atrophic cirrbosis of tiver I 
vUh fiubacute hepatitis 

Yes 1 

12 

1 

Bleeding from abdominal 
paracentess wound and 
from gastrointestinal tract. 
Death. Autopsy 

Obstructive jaundice due to 
adheeiona about common 
bile duct 

No 

30 

Bleeding from the guma. 

Advanetd ohetmctiTe Uii- ' 
ary cirrhoBis 

No ' 

28 ' 

Epistaviv. Bevtre Heeding 
horn the gums. 

Multiple abecesseg of liver 

1 

Yes 

i 

22 

Intra-abdominal hemor- 
ibage. Death. Autopsy 


crease m the plasma prothrombm This table 
also shows that the hemorrhage occurred ui 7 of 
the 10 cases m spite of the administration of 
vitamm K and bile salts One other patient, with 
a prothrombin of 60 per cent, bled from the 
abdominal wound dunng the second and third 
postoperative days This case was not included 
m Table TV smce exploration of the incision re- 
vealed the source of hemorrhage to be a single 
unhgated vessel In this case the cause of bleed- 
ing was mterpreted as mechanical rather than 
bemg due to a coagulation defect from prothrom- 
bin defiaency 

DISCUSSION 

There is general agreement that normal human 
plasma contains an excess of prothrombm which 
under healthy conditions shows only shght fluc- 
tuations A decrease m prothrombm occurs prm- 


apally in jaundiced individuals Quick (7), how- 
ever, states that relatively few jaundiced patients 
exhibit such a deficiency In 136 cases with liver 
or bihary tract disease observed in the present 
investigation, a reduction in the prothrombm was 
demonstrated m 64 (47 per cent) This figure 
coincides rather closely with the incidence of 40 
per cent in 43 patients with obstructive jaundice 
reported by Rhoads (13) 

The present observations confirm previous 
studies which indicate that the prothrombm de- 
termination IS a satisfactory test for the detection 
of a hemorrhagic diathesis in jaundiced individ- 
uals The need for such a prognostic test is 
obvious since current figures (8) indicate that 
cholemic bleeding has accounted for about SO per 
cent of the mortality accompanying surgical in- 
tervention m jaundiced patients In the present 
senes of 136 cases having jaundice, 10 showed 
abnormal bleeding Each of these 10 cases with 
hemorrhage had a prothrombm of 30 per cent 
or below Fifteen other cases with this degree of 
prothrombm deficiency showed no hemorrhagic 
tendency The estabhshment of a “ critical level ” 
of prothrombm below which cholemic bleeding 
may be antiapated is dangerous because of tlie 
false sense of secunty it may give in the evalua- 
tion of certain borderline cases These data sug- 
gest, however, that any patient with a prothrombm 
concentration of 30 per cent or below should be 
considered a potential bleeder 

Vitamm K and bile salts have been used m 
the treatment and prevention of cholemic bleeding 
because of the benefiaal effect on prothrombm 
formation Many of the chnical reports have been 
presented with enthusiasm and, in general, re- 
ceived with optimism Few cases have been re- 
corded m which this new therapy has failed to 
restore the prothrombm to normal (13) The 
present studies clearly show that in the majority 
of jaundiced patients with prothrombm defiaency 
the admimstration of vitamin K with bile salts 
corrects the defect in this coagulation factor 
These studies also show, however, that there is 
a lack of a favorable response m a significant 
number of cases The 18 failures noted m this 
investigation cannot be ignored 

The explanation for the failure of the prothrom- 
bin to respond to treatment in 18 patients seems 
to be of speaal interest Inaccmcies in the 
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quantitative detennmation of prothrombin cannot 
be blamed beca u se the results were not evaluated 
entirely by this cntenoiL In 7 of these patients 
(Table III) persistence of a low level of pro- 
throrabm was accompamed by alar ming and some 
times fatal hemorrhage. The dosage of vitamra 
K and bile salts appeared to be adequate smce the 
amoimt and duration of therapy were greater m 
the 18 faflures than m the 28 patients who re- 
sponded satis factonly The admmistration of 
larger amounts of the crude preparation of vita 
min K was not practical. The data m Tables 
II and in and the other laboratory studies on 
these 46 patients suggest that the essential dif- 
ference between the therapeutic successes and fail- 
ures was the state of the hver function The 
group of 18 so-called failures was composed of 
patients m whom hver function tests or histo- 
pathological studies or both revealed extensive 
damage to the hver parenchyma. Similar studies 
showed no mdication that hepatic damage of this 
d^ee was present in the group of 28 patients 
who responded satisfactorily Relatively httle at- 
tention has been paid to the functional mtegnty 
of the liver in evaluation of the prothrombm 
response to vitamm K and bile salt therapy 
Warner (22) and Butt Snell and Osterberg (8) 
have encountered an occasional patient with severe 
hepatic damage who did not present the usual 
prompt improvement of prothrombm foUowmg 
the administration of vitamm K and bile salts. 
The present studies indicate that vitamm K and 
bile salts are commonly meffectivc m correcting a 
prothrprabm defiaency if extensive hepatic dam 
age 13 present 

Recent experiments mdicate that the hver is the 
site of formation of prothrombm (2 23 24 25) 
The observations on the prothrombm fluctuations 
dunng acute hepatitis (Figpirc 7) add further 
support, of a clmical nature, to this conclusion 
These data also suggest that m the absence of 
bihary obstruction, external bihary fistula or an 
abnormal mtestmal absorptive surface the plasma 
prothrombm concentration is a measure of hver 
function. 

Studies by Butt Snell and Osterberg (8) and 
others have shown that a decrease m prothrombm 
IS not uncommon after operations on jaundiced 
individuals Stewart (26) observed that an aver- 


age postoperative decrease m prothrombm of 23 
per cent occurred m 19 cases with obstructive 
jaundice. Butt, Snell and Osterberg have cm 
phasized the necessity for continued admmistra 
Don of vitamm K and bile salts as well as other 
treatment known to be of value in the restoration 
of normal hepatic fimction dunng the postopera 
tive penod- The present observations also show 
that a decrease of prothrombm is not uncommon 
after surgery and suggest that this drop is espe- 
cially likely to occur if significant hepatic damage 
13 present 

The mechanism by which vitamm K affects 
prothrombm has not been fully explamed It 
has been presumed that vitamm K is a necessary 
budding stone for the formation of prothrombm 
It has not however, been proven that vitamin K 
13 essential m the diet of human beings. The 
nature and mode of action of prothrombm are 
not known. Patek and Taylor (27) have de- 
scribed It as a physiologic complex known only 
by Its capaaty to form thrombin. The mode of 
action of vitamm K will not be fully understood 
untd further studies are made with the purer 
preparations of the vitamin now available, and 
until more is learned about the nature of pro- 
tEinmbm and the part it plays m blood coagula- 
tion. 

CONCLUSIONS 

1 In 136 consecutive cases of hver or biliary 
tract disease the madcncc of a reduction m plasma 
prothrombm below normal was 47 per cent In- 
trinsic hver disease was a frequent cause of the 
prothrombm defiaency 

2 A marked reduction of the plasma prothrom 
bm ivas present m each of 10 mdividuals who 
exhibited abnormal bleedmg The data suggest 
that hemorrhage should be antiapatcd when the 
prothrombm concentration is 30 per cent or below 

3 The effect of the oral admmistration of vita- 
mm K and bile salts on the prothrombin m 46 
jaundiced patients with a reduction m this coagu 
lation factor was not umform. Twenty-eight 
patients showed a satisfactory increase m pro- 
thrombm while 18 patients showed no improve- 
ment 

4 The failure of vitamm K and bile salts to 
produce an mcrease m the prothrombm m 
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cases With jaundice is often due to the presence 
of extensive hepatic damage 

5 The decrease m prothrombin which is not 
uncommon after surgical intervention in jaundiced 
patients is espeaally likely to occur if hepatic 
damage is present 

6 The present studies suggest that m the ab- 
sence of obstructive jaundice, external biliary fis- 
tula, or an abnormal intestinal absorptive surface, 
the plasma prothrombin concentration serves as a 
measure of liver function 

The authors gratefully acknowledge the assistance of 
Professor C A Elvehjem, and the ready cooperation of 
Dr E R, Sclunidt and the members of his staff m the 
Department of Surgery 
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In a previous report (1) the relative stability 
of the serum cholesterol level was demonstrated 
in normal subjects over long penods of time. 
The cholesterol values were not altered sigmfi 
candy by the feeding of diets high or low in fat 
or cholesterol or by the ingestion of potassium 
iodide. However the administration of thjnviid 
extract produced a sharp fall in scrum cholesterol 
which was followed by a rise above normal when 
thjToid feeding was discontmucd. 

Acute mfection is also known to produce a hy 
pocholesteroleinia This was shown a number of 
years ago by Denis (2) and Kipp (3) and by 
numerous workers smcc. The behavior of the 
serum cholesterol during convalescence has re- 
ceived httle attention, Stoesser and McQuame 
(4) and more recently Stoesser (S) reported that 
a plasma cholesterol determmation made m mfants 
or children convalescent from an acute mfection 
was higher than one obtained at the height of the 
febrile episode However there have been no re- 
ports m which repeated determinations were made 
on the same mdividual dunng and for a protracted 
penod after the acute mfection. Accordingly the 
present study was undertaken m an attempt to 
demonstrate what happens to the serum choles 
tcrol of individuals who develop an acute mfec 
tion — an mfection which was m these instances 
pneumonia 

PXAN OF STUnv 

Observations were made on 19 patients vary 
ing m age between 12 and 52 years who were ad 
mittcd to the hospital with a diagnosis of pneu 
monia. There were 12 males and 7 females of 
whom 16 were white and 3 were colored In the 
sputum studies on the 19 patients the pneumo- 

^ Thu work waj aided in part by a grant from the 
Jcuub ilacy Jr Foundation, 

* Formerly the Research DivUion for Chrome DUcascs, 


coccus type ivas identified m 9 and the hemolytic 
streptococcus was found m3 Five patients were 
treated with specific seium^ 4 with sulfamlanndc, 
and 1 with optochm An mitial serum cholesterol 
was determined using the method of Bloor Pelkan 
and Allen (6) from blood obtained withm 48 
hours of the paticnFs entry to the hospital Sc 
rum cholesterol determinations were made twice 
weekly thereafter while the patients remained m 
the hospital After discharge the patients were 
seen at weekly bi weekly or monthly mtcrvals for 
penods ranging from 96 to 520 days The total 
number of tests performed was 418, averaging 22 
for each patient 

Basal metabolism estunations were made at 
frequent intervals after the fever subsided In 
addition to the usual laboratory procedures serum 
protein and bromsulphalem dye retention deter 
mmations were made on most of the patients 

Sentm cholesterol level during febrile period 

Dunng the febnie penod of pneumonia there 
is a hypocholesterolemia At the lowest pomt of 
each mdividual curve which was observed usually 
on the second to sixth day of the disease the total 
scrum cholesterol ranged between 86 and 206 
ragm per 100 cc (Table I) At this time a re- 
duction m cholesterol ester was apparent m the 6 
patients m whom this fraction was determined 
In 1 case the lowest value for the total serum cho- 
lesterol was not reached until the twenty second 
day The course of this patient was complicated 
by the development of active rheumatic carditis 
subsequent to pneumonia due to a hemolytic 
streptococcus. 

Serum cholesterol level dunng convalescence 

As soon as the fever subsided the ^ 
terol value m each patient rose, and for 
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TABLE I 


Scrufit clwltsitT ol values durvig and afUf pncutnotiui 




L.LL. 

R.M.L, 

LLL 

R.L L. 

L.L.L. 

LL.L. 

BroDchl 

Bronchi 


fever j Treatment 





Serum eholesterol 


Total Eitcr Day Total Eater Day Total Eater Day 


Elevation 

of 

ecrosa 

cholesterol 


Ex- Dura 
tent tion 


5 1 Bulfamiamide 


BuifaDnamide 

Serum 

Serum 

Serum 


m 36 
101 
168 
m 

m 48 
132 54 

166 43 

167 
161 
176 

86 

125 20 


1 313 

10 320 


4 332 84 

2 285 

3 203 

4 270 

6 450 68 

3 344 86 

6 299 78 

3 277 

5 263 

4 316 

3 261 

7 558 73 

23 230 87 


21 210 

73 230 

39 225 

60 210 

37 274 83 

25 200 

46 185 YQ 

37 200 70 

78 200 83 170 

33 235 70 83 

44 310 79 78 

31 180 47 

44 230 65 

33 266 63 

30 235 90 

66 235 76 

58 200 34 



40 
60 

23 39 

41 50 

25 30 

43 63 

68 60 


125 no 

43 61 



time dunng contvalescence strikingly wide fluctu- 
ations occurred in the cholesterol level (Figure 1) 
In general, there> was a hypercholesterolemia due 
to an increase mj both the ester and free fractions 
The serum cholesterol of each of the 19 patients 
reached a peak; during convalescence between the 
tenth and seventy-sixth days, usually about the 
fortieth day y^The increase in serum cholesterol 
over the lev^ that was subsequently found to be 
‘‘ normal ’’ ior each of the patients varied from 
26 to 2S0 mgm per 100 cc , with an average rise 
of 82 mgrn per 100 cc The percentage of in- 
crease over the normal value varied from 11 to 
125 per cent, with an average rise of 38 per cent 
The elevation of the serum cholesterol persisted 
from 20 to 110 days, with an average of 52 days 
(Table I) Although the serum cholesterol fluc- 
tuated considerably during this penod, the general 
pattern of response was charactenzed by a nse to 
a peak, with a subsequent fall toward normal 
(Figure 1) 

Normal serum cholesterol level 

The serum cholesterol reached the level desig- 
nated as normal from 47 to 170 days after the on- 
set of the illness (Table I) At this pomt fluc- 
tuations in the cholesterol level disappeared and 


repeated determinations revealed values which 
were constant for the individual Previous work 
by the authors (1) has shown the serum choles- 
terol to be remarkably constant in normal subjects 
over long periods of time The results obtained 
in this study dunng the normal ** penod which 
vaned from 30 to 380 days, averaging 123 days, 
confirm this Ending Figure 1 demonstrates this 
observation in 6 of the patients In patient D C 
dunng the 336 days of the normal penod the se- 
rum cholesterol deviated only 7 mgm from the 
mean In patient C P the serum cholesterol var- 
ied only 8 mgm from the mean during the normal 
period of 258 days 

DISCUSSION 

From the foregoing it is evident that dunng 
pneumonia there is a decrease in the serum choles- 
terol level After the infection subsides and the 
fever disappears there follows characteristically 
a nse above the level later found to be normal for 
the individual, with a marked instability of the 
serum cholesterol values which may persist for 
weeks or months before the stabilized level as- 
sumed to be normal is reached 

The mechanism producing this alteration m se- 
rum cholesterol is not clear Because of the sum- 




































oSa§Ka5§Eg3gSg.9^ oBga85sa§S§3§^ 


5ERUM CHOLESTEROL DURING AND AFTER PNEUMONIA 







382 


FRA^K L. HORSFALL, JR, RICHARD G HAHN, AND E R RICKARD 


area during January, Februar>, and March, the attack 
rate was 6 per cent, which was considerably lower than 
the rates observed in the two institutional cpidenucs 
In both institutions the epidemics were explosive in char- 
acter and had sharp peaks which occurred during periods 
of 2 or 3 days, while the entire episodes ended within 
penods of less than 2 weeks Table III reveals that 
Epidemic 3 spread over a penod of approximately 2^ 
months, with a peak during the 15-da> interval from 
February 5 to 18, inclusive. During the month of April 
1939 only 2 cases of febnie upper respiratory disease 
were observed m the Yorktown Heights area. As this 
was the same mcidence that had been observed m April 
1938, it was concluded that the epidemic had ended during 
the latter part of March 

There was no sigmficant geographical distribution of 
the cases m Epidemic 3 Forty-two occurred as single 
cases in a family, while the remaining 41 were distnbuted 
among 14 families with 2 to 7 cases in each Distribution 
hy age awii sex ioUowed dost\y age and sex distri- 
bution of the total population under observation, with 
the exception that no cases were noted m children under 
4 years of age. This discrepancy might be due to the 
fact that the disease was relatively mild, with symptoms 
largei> of a subjective nature and, therefore, not readily 
rccogmzed m m fonts and small children 

METHODS 

Throat zcashings Sixty-five throat washings were ob- 
tamed from representative patients in the four epidemics 
who had clinical symptoms considered to be consistent 
with the diagnosis of epidemic infiuenza. Forty-six throat 
washings were taken from patients whose symptoms were 
considered not to be consistent with epidemic influenza 
The latter group compnsed 18 cases of common cold, 9 
cases of sporadic grippe, 11 cases of so-called “atypical 
pneuraoma,” and 8 cases of pneumococcus pneumonia, 
all of which occurred between October 1 and December 
31, 1938 A few cubic centimeters of cither sterile beef 
mfusion broth or equal parts of broth and sterile saline 
were dropped into the nostnls of each patient, and after 
this approximately 30 cc. of broth or broth-saline were 
gargled. The throat w-ashings were frozen m solid car- 
bon dioxide within 5 minutes of the time when they were 
taken, and they were transported to the laboratory m 
the frozen state. During the intervals between the time 
that the throat washings were obtained and their mocu- 
labon mto ferrets they were stored in a low temperature 
cabmet (13) at — 76* C The washings were taken at 
various mtervals alter the onset of the disease, and in 
the case of epidemic influenza, washings on each da> 
from the 1st to the Sth were studied. 

Blood specimens Two or more blood specimens were 
taken from each or 146 patients m the four epidemics, 
as well as from 117 persons who had cither no s>Tnpto ms 
or noninfluenzal rc:>pirator> disease. The latter group 
comprised 33 persons who had had intimate contact wnih 
cases 01 epidemic influenza, 56 wnth cases of common 
cold, 19 wnth cases oi sporadic gnppe, 5 wnth cases oi 


so-callcd atypical pneumoma, and 4 with cases of pncu« 
raococcus pneumonia. Tht acute-phase blood specimens 
were taken at various intervals after the onset of the 
disease, and speamens from the 1st to the 10th da> liavc 
been studied. Convalescent specimens were taken from 
the 10th to the 66th day after onset In the case of 
Epidemic 4 specimens were taken from each of 20 pa- 
tients at weekly intervals for 4 weeks Scrum was sep- 
arated from the clot in the usual way and was stored 
at 4* C 

Inoculation of ferrets Two cubic centimeters of the 
unfiltered throat washings were routinely inoculated m- 
tranasally mto a ferret under ether anesthesia. Ferret 
temperatures were taken twice daily, and any abnormal 
nasal signs, respiratory symptoms or decrease m food 
consumption were noted. Ferrets were considered to 
show evidence of experimental influenza when their tem- 
perature exceeded 103 9^ F on the 2nd, 3rd, or 4th day 
after moculation and when they simultaneously manifested 
oi wasaV vwittlion, mciease m respira'iory rate, and 
a decrease in appetite. Serial passage m ferrets was 
earned out routinely at an mterval of 4 to 5 days For 
the purpose of passage 2 cc, of a 20 per cent suspension 
of turbmate plus lung, or of lung alone, were inoculated 
intranasally into ferrets anesthetized with ether The 
suspensions were routinely cultured for the presence of 
bacteria When evidence was desired regarding immunity 
in an inoculated ferret, the animal was allowed to re- 
cover from infection and was bled on the 10th to the 
12th day after inoculation. Neutralization tests were 
done m mice with the convalescent ferret scrum 

Inoculation of mice When, by means of serial ferret 
passage, evidence had been obtained that a virus was 
present m the throat washings, attempts to adapt the 
virus to mice were imtiated in many instances For this 
purpose 005 cc. of unfiltered 20 per cent suspension of 
ferret turbinate plus lung, or of lung alone, was given 
mtranasally to each of a group of young Swiss mice 
anesthetized with ether Serial passage m mice was con- 
tmued at an interval of 4 to 5 days, routinely using 005 
cc. of unfiltered 20 per cent suspension of mouse lung 
The suspensions were routinely cultured for the presence 
of bactena. 

Ncutraltzatton tests The exact details of the tech- 
nique which has been used for the determination of the 
neutralizing titer of sera have been described previously 
(14) The sera were inactivated at 56* C for Vs hour 
Acute and convalescent sera were studied simultaneously 
against one suspension of the PR8 strain of epidemic 
influenza virus. Serial fourfold dilutions of serum were 
made m 0.85 per cent NaCk These diluUons were tested 
for their capaaty to neutralize a constant amount of 
virus. In onc-third of the tests a 10^ dilution, or ap- 
proximately 300 fifty per cent mortality doses, of virus 
w-as used. In the other two- thirds of the tests a lOT* 
dilution, or approximately 3,000 fifty per cent mortaht/ 
doses, of virtL* wtis used. Groups of either three or four 
Swiss mice were tested with each mixture of serum ar*d 
virus and observed lor a lO-day penod. The survivors 
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were then killed and their lungj examined for the pres 
cnee of pulmonary consolnlation. The calculation of end 
pomU was done by the method of Reed and Mucnch (IS) 
In all initanccJ the fifty per cent mortality end pomt 
was chosen. In the various tables presented below all 
scrum titers are expressed m terms of the neutrahtmg 
capacity against 3 000 fifty per cent mortality doses of 
virus. In the case of those neutralization tests m which 
300 fifty per cent mortahty doses were used the recorded 
titers have been calculated by means of the formula 
y “ dx* (14) on the basis that there is a linear rcla 
tionship between the quantity of serum and the quantity 
of infincnza virus neutrahzed. A significant increase m 
the neutralizing antibody titer of a convalescent serum 
has been taken to equal an increase m titer of 4 or more 
times over the acute scrum titer 

7Vr/x of outuvro. Convalescent ferret sera were ob- 
tained 10 to 12 days after moculation. Rabbit antisera 
were obtained 10 to 12 days after the mtrapcntoneal 
infection of either ferret or mouse-adapted virus. These 
antisera were studied m a manner identical to that de- 
scribed above. 

Isolation of virus One hundred and eleven throat 
washings have been tested for the presence of epidemic 
influenza virus by serial passage m ferrets. The throat 
washmgi were selected from 65 representatiTe cases of 
epidemic influenza and from 46 cases of various acute 
nomnfluenzaJ infections of the respiratory tract The se- 
lection of throat washings was made entirely on a dimcal 
basil without regard for the demonstration of a me m 
antflxxhes against epidemic influenza virus in the con 
valesccnt sera of the patients from whom they were ob- 
tamed- Three hundred and eighty eight ferrets were used 
in this study and each throat ^vash^lg from both groups 
of cases was passed an average of 33 times In ferrets. 

EXPERIMENTAL 

The results of the serial ferret passage of the 
throat washings are summarized in Table IV 
Twenty mne of the 65 throat washings from pa- 
tients vyith cJmicai epidemic influenza produced 
what was considered to be expenmental influenza 
m the ferret In the case of 14 of these 29 strains 
of virus antisera obtained from various of the 
ferret passage senes have contained neutrahnng 
antibodies against the PR8 stram of epidemic in- 
fluenza virus. In the case of the remaining 15 
strains of virus the studies arc not yet completed 
Despite the fact that serial ferret passage was ear- 
ned out with the throat washmgs from 65 cases 
of epidemic influenza, only 45 per cent were ca 
pable of producing experimental ferret influenza. 
Evidence will be presented subsequently which m 
dicates that at least 93 per cent of the patients 
from whom these 65 throat washmgs were taken 


TABLE rv 

Rssulls of stnaiferrst passaie of throat xoashtnisfrom ptrsons 
with various acute ii^edutns of the respiratory tract 


Q/nWT iVa gnnatm 

Num* 

ber 

ol 

throat 

vaab. 

Ibsi 

Nomber 1 

dSSi 

femt 

innu- 

eoxs 

Num> 

bererf 

ftralss 

of 

■drus 

pfoven 

Percent 

fmrt 

Jnflo- 

Epidemic mfluenza 

Epidemic 1 

6 

4 

1 

66 

Epidemic 2 

18 

9 

3 

50 

Epidemic 3 

26 

11 

8 

42 

Epidemic 4 

15 

5 

2 

33 







65 

29 

14 

i “*5 

Nonmfiuenzal respiratory 
disease 

Common cold 

13 

0 

0 

0 

Sporadic grippe 1 

9 

1 

1 

11 

Atypical pneumonia 

11 

0 

0 

0 

Pneumococcus pneu 
monla ^ 

S 

0 

1 0 

i 0 


— 

— 

— p 

1 


46 

1 

1 

2 


actually did have epidemic influenza. This rela- 
tively low recovery rate of virus is m contrast to 
the high recovery rates which have previously 
been published (9 12) for epidemics which oc 
curred m 1936 to 1937 

From the 46 throat washings obtamed from per- 
sons with noninfluenzal acute respiratory diseases 
only one stram of epidemic mfluenza virus was 
isolated 

Thu itnun was obtamed from a throat ivashing taken 
on November 11 1938 from a techmcian m this labora 
tory who had lymptonu of sporadic gnppc. This indi 
vidual had been workuig for over 2 months with various 
animal and tissue culture strains of epidemic Influenza 
TITUS. Studies of blood specimens from this mdivxlual 
taken oo the 1st day of the illness and 20 days later 
failed to show any cvidcDce of an increase in titer of 
ncutraliziDg antibodies agamst the PR8 strain of epideimc 
influenza virus. 

It seems reasonable to suggest that the isolation 
of virus from this individual may represent an 
additional instance of a possible temporary earner 
state unrelated to the dimcal symptoms. One 
somewhat similar instance has been previously re 
ported by Francis llagiU Rickard, and Beck (9) 
In the case of the other 45 throat ivashings m the 
noninfluenzal group no evidence ivas obtamed of 
the presence of influenza virus 

The 65 throat washings from cases of epidemic 
influenza were taken from the 1st to the 8th day 
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TABLE V 

Results of senal ferret passage of throat j:ashtngs taken at 
various intervals after onset of epidemic influenza 


Number 
of dayj 
after 
onset 

Number 

,of 

throat 

washings 

Number 

produdog 

ferret 

Influenza 

1 

Number of ' 
fCrains 
of virus 
pro% en 

Per cent 
produdng 
ferret 
influenza 

1 

14 

6 

5 

42 

2 

19 

11 

3 

58 

3 

14 

7 

4 

50 

4 

7 

2 

1 

28 

5 

2 

1 

1 

50 

6 

5 

1 


20 

7 

2 

1 


1 50 

S 

2 

0 


I ^ 


65 

29 

14 

45 


after onset The results of the senal ferret pas- 
sage of these various throat washings m relation 
to the tune when they were obtamed are sho^vn 
in Table V 

It will be noted that experimental ferret influ- 
enza was produced by throat washmgs which were 
taken on each of the days from the 1st to the 7th 
after onset, and that the fact that the ferret dis- 
ease was actually due to influenza virus mfection 
had been proved in the case of throat washings 
taken on each of the days from the 1st to the 5th 
after onset of the disease It appears also that 
there was no significant difference in the incidence 
with which experimental ferret influenza was pro- 
duced b> throat washings taken from the 1st to 
the 7th day after onset It has previously been 
reported (11) that virus was isolated from one 
patient on the 1st, 2nd, 4th, and possibly the 7th 
day after onset 

Serial ferret passage, although labonous and 
time consuming, has been considered necessary 
with the throat ivashings obtained from the 1939 
epidemics of influenza because of the frequency 
with which the first ferret inoculated failed to 
show an mterpretable reaction Even when the 
ferret reaction w^ definite enough to indicate in- 
fection b> epidemic influenza vims, it \vas con- 
siderably less striking than has been the case in 
previous years (1, 12), and a diphasic fever wa^ 
t>qiicall> absent. Instead there w^ usually a 
single temperature peak which occurred either 
upon the 2nd, 3rd, or 4th day after moculauon, 
and the highest temperature seldom exceeded 
1045° F 

In the case of the 29 throat washings which 


produced expenmental influenza m the ferret, 6 
produced no significant response in the first ferret 
inoculated, 5 of these produced a suggestive re- 
sponse in the second-passage ferret , but one did 
not produce recognizable disease m the ferret until 
the third passage Even in the case of the 23 
throat washings which produced some evidence of 
expenmental influenza m the first ferret inocu- 
lated, the response m this animal was minimal and 
was interpreted with difficulty until additional 
ferret passages had been completed 
To illustrate the difficulties encountered in the 
study of throat washings obtained from epidemics 
m 1939, an analysis has been made of the results 
of relatively prolonged serial ferret passage with 
21 of the 29 strains isolated this year The re- 
sults obtained in a total of 150 ferrets have been 
analyzed An average of 7 1 passages in ferrets 
was made with each of these 21 strains These 
results are presented in Table VI It will be 
noted that, although evidence indicating the pres- 
ence of epidemic influenza virus was obtained m 
the case of each of the 21 throat washings, only 
15 of the first-passage ferrets showed significant 
responses Eighty-five ferrets received unfiltered 
20 per cent suspensions of ferret turbinate plus 
lung m the course of the senal passages, but only 
53 gave evidence of the presence of epidemic in- 
fluenza virus In the case of 44 ferrets which re- 
ceived unfiltered 20 per cent suspension of ferret 
Ivmg, only 24 developed fever and symptoms in- 
dicative of epidemic influenza vims infection 
These results are presented as evidence that the 
ferret response has been inconstant with strains 
isolated in 1939 In 38 per cent of ISO ferrets 


TABLE VI 

Results of serial ferret passage of 21 throat uashings known 
to contain epidemic influenza virus 


Inoculum'* 

Num 
ber 
of 
fer 
rets , 
1 

Num 

ber 

with 

influ 

cnxa 

Num 

ber 

with 

out 

Influ 

enza 

Per 

cent 

with 

influ 

enza 

Unfiltered throat washings 

21 

15 

6 

72 

20 per cent suspension ferret turbi- 
nate and lung 

85 

53 

32 

63 

20 per cent suspension ferret lung 

44 

24 

20 

55 

1 150 

92 

58 

62 


• 2 cc. 
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which received 21 strains the reaction produced 
was not suffiaently definite to permit of a diag 
nosis of expemnental ferret influenza. These re 
suits mdicatc also that even when consohdation 
was not present m the ferret lung, evidence for the 
presence of virus in the lung was obtained with 
almost the same frequency as when the turbinates 
also were tested The fact that ferrets which did 
not show a significant response to the 1939 strains 
actually were infected by these strains was shown 
by neutralization tests on serum taken from them 
10 to 12 days after moculabon. 

Additional evidence for the relatively low ferret 
virulence of the various strains of virus which 
have been isolated in 1939 is given by the infre 
quency ivith which pulmonary consohdation was 
produced Three of the most ferret virulent 
strains were selected for continuous passage 
Stram 149 was passed through 23 ferrets and 
produced small areas of consohdation at the 12th 
20th 21st, and 22nd passages but not m other 
passages. Stram 188 was passed through 25 fer 
rets and produced small areas of consohdation at 
the 9th 17th, and 22nd passages but not m other 
passages Stram 399 was passed through 16 fer 
rets and produced small areas of pulmonary con 
sohdation in the 7th 8th 12th 13th and 15th 
passage ferrets but not in any other ferrets 

Adaptation to mice Nmeteen attempts have 
been made to establish in mice 15 of the 29 strains 
which have been isolated m 1939 Each of these 
attempts was made after serial ferret passage of 
the virus Ten of the attempts have been unsuc 
ecssful although serial passage m mice was con 
tmued In mne instances the vanous virus strains 
have been successfully established m mice. The 
results of the serial mouse passages are shown m 
Table VII It will be noted that m the ten un 
successful attempts an average of only 2 ferret 
passages had been earned out pnor to the mocula 
lation of mice. An average of 6 senal passages 
in mice ivas made, and in no instance did the virus 
produce significant lesions m the mouse. In the 
case of the nine successful adaptation senes an 
average of 4 senal ferret passages was made be 
fore the moculation of mice and an average of 
4 senal mouse passages was necessary before sig 
mficant lung lesions were produced. As has pre- 
viously been found by other workers (2 16) 
mouse virulence gradually increased after adapta 


TABLE vn 


ResvUs oj ttncl mouse pauatt of 15 strains of epidemic 
tnfiuenta foUovnHC senal ferret passaie 



tion However in most instances the 1939 vi- 
ruses have remained of relatively low virulence 
for mice with a fifty per cent raortahty end point 
of only IQ'* or 10“* In only two instances have 
the viruses been suffiaently vuailcnt to pernut of 
dilutions to IQ-® and still produce fatal infections 
m mice. 

Tissue culture Eight separate attempts were 
made to cultivate 4 strains of the 1939 viruses m 
chick-embryo-Tyrodc tissue culture medium (17) 
Each of these strains had been well established m 
mice before tissue culture passage was instituted. 
In only three of the eight senes did the strains 
remam active for more than 2 or 3 passages 

Antigenic analysis Strains 149 and 188 which 
were obtamed from Epidemics 1 and 2 respec- 
tively were selected for intensive anhgenic study 
Antisera against these strams and the PR8 and 
W S strams were prepared m both ferrets and 
rabbits These sera were tested for their capaaty 
to neutralize the homologous and the heterologous 
viruses. Both of the 1939 strains which have 
been carefully studied appeared to be closely re- 
lated antigcmcally although they did not seem to 
be absolutely identical By means of rabbit anti 
serum ncutr^ization tests both strains were quite 
diflfcreat from other the PR8 or the W S strain. 
However when homologous convalescent ferret 
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TABLE \m 

Results of nculrdizalion tests v:tth epidemic tnjiuenza mrus 
on tzco blood specimens from cock of 60 patients 
vnth epidemic influenza 

(Throat U'a5hing3 from these patients were passed serially 
m ferrets) 


Epidemic 

Nura 

ber 

of 

cases 

Acute- 

phase 

blood 

Convalescent 

phase 

Stood 

Increase In titer 

Day 

mean 

Titer 

mean 

Day 

mean 

Tiur 

mean 

Num 

ber 

of 

cases 

with 

in 

crease 

Mean 

in 

crease 

in 

titer 

Per 

cent 

of 

cases 

with 

in 

crease 

1 

6 

2 

1 9 

60 

1 61 

6 

25 X 

100 

2 

24 

3 

1 14 

27 

1 130 

23 

18 X 

96 

3 

16 

1 

1 14 

27 

1 194 

15 

38 \ 

94 

4 

14 

4 

1 69 

26 

1 424 

12 

25 X 

86 


60 

3 

126 

30 

1209 

56 

26 X 

93 

(Tases 





1 

1 




yielding^ 



1 






virus 

27 i 

3 

1 16 

1 

30 

1 196 

27 

28 X 

100 


X represents the anthmetical increase in the titer of the 
convalescent serum as compared with the titer of the acute 
serum 


sera were used, the 1939 strains seemed less dis- 
tantlj related to PR8 than was the case with rabbit 
antisera, but remained very diflferent from W S 
Antisera against both strains, 149 and 188, failed 
to neutralize significant amounts of the swme 
virus 

Neutralization studies In the group of 65 pa- 
tients with clinical epidemic influenza, acute and 
convalescent blood specimens have been tested for 
their capacity to neutralize the PR8 strain of epi- 
demic influenza virus in 60 cases The combined 
results of these tests are shown in Table VIII 
The mean time after onset at which the acute- 
phase blood specunens were obtained w^as 3 days 
The earhest spmmen was taken on the 1st day 
and the latest on the Sth day Ten of the so- 
called acute-phase blood specimens were actually 
preinfection specimens which were obtained 9 
months before infection All of these 10 sera 
came from patients m Epidemic 3 The mean 
neutralizing antibody titer of the 60 acute-phase 
sera wtis 1 26 The lowest titer was zero and 
the highest 1 360 The con\Tilescent blood sera 
were obtained, on the a\erage, 30 da>s after the 
onset of the disease. The shonest interv^ after 
onset w^ 22 dajs and the longest 66 The mean 
neutrahzing antibody titer of the 60 convalescent 


sera w^ 1 209 The lowest was 1 6, and the 
highest 1 1444 The average increase in titer of 
the convalescent serum, as compared with the 
acute serum taken from the same patient, was 26 
times The lowest increase m titer was 4 times , 
the highest 160 tunes Fifty-six of the 60 pa- 
tients whose acute and convalescent sera were 
studied showed an increase in neutralizing titer of 
4 times or more dunng convalescence This rep- 
resents 93 per cent of the cases studied In Table 
VIII the results of neutralization tests on the 
acute and convalescent blood specimens from 27 
of the 29 patients whose throat washings yielded 
influenza virus are shown separately In the 2 
remaimng cases comparative neutralization tests 
were not done The similarity between the re- 
sults in the group which yielded virus and the 
total group is quite obvious 
In Epidemic 4, 20 cases were selected for weekly 
bleedings The neutralization titer of each of 
these 80 blood specimens has been determined, and 
the results are shown in Figure 2 The day on 
which the blood specimens were taken after the 
clinical onset of the disease has been plotted 
against the logarithm of the dilution of serum 
which Avas capable of neutralizing 3,000 fifty per 
cent mortality doses of virus The incremental 
nse in titer from 4 times to 256 times is graphic- 
ally shown on the same scale 

The general trend of the rise m neutralizing 
antibodies following clinical epidemic influenza 
\vas similar in almost all of the 20 cases m this 
senes It appeared that the maximum neutraliz- 
ing titer m these cases was achieved beUveen the 
10th and 14th day after onset It is to be noted 
that approximately 50 per cent of the increase m 
antibody titer had been accomplished by the 7th 
or 8th day after onset This fact is of consid- 
erable significance m interpreting the neutralizing 
antibody titer of sera taken late m the acute phase 
of the disease. As an example, it is possible that 
when a companson is made between an acute- 
phase serum taken on the 7th day of the disease 
and a convalescent serum taken on the 20th day 
of the disease, an increase m neutralizing antibody 
titer of less than 4 times may be observed Under 
these arcumstances and if only an increase in 
titer of 4 tunes or more is considered to be sig- 
nificant, It wnll be concluded that no nse m neu- 
tralizing antibodies has taken place. 
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Neufro/zzafion Tzfers - ^0 Ca^es Epidemzc Influenza 



Days after Onset 

Fio. Z NEimtALiziNc Amtibody Trims At Variods PmioDs Arm thi Owsrr ur 20 Om of 

Epidiiiic Influekia 

Acute and convalescent blood sera have been of 4 times or more dunng convalescence* Thirty- 
studied from a total of 146 cases clinically diag- one cases failed to show a significant increase in 
nosed as epidemic mfluenza during 1939 These neutralizing antibody titer during convalescence, 
include the 60 cases already presented m Table but it should be pointed out that from the 22 
VIII The results of comparative neutralization patients m Epidemic 4 who failed to show an 
tests on the 2 sera from each of these cases are mcrcasc during convalescence the acute-phase 
presented m Table IX The results of comple- blood was taken on the average, 8 days after the 
ment fixation tests on these sera will be reported onset of the disease In the case of the 8 pa 
separately by Eaton and Rickard (18) One hun tients m Epidemic 3 who failed to show a sig 
dred and fifteen or 79 per cent of the 146 cases mficant mcrease m neutrahzmg antibodies dunng 
showed an mcrease in neutrahzmg antibody titer convalescence, it may be of significance that the 
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TABLE IX 


Results of comparative neutralization tests wth epidemic 
influenza virus on tico blood specimens from each 
of N6 patients vnth epidemic influenza 


Epl 

dc^c 
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btr 
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cases 

Acute 

phase 

blood 

Conva- 

lescent 

phase 

blood 

Increase in liter 

Number 

of 

cases 

with 

increase 

1 

Increase 
in mean 
titer 

Per cent 
of 

cases 

vdlh 

Increase 

Mean 

tiler 

Mean 

liter 

1 

6 

1*9 

1 61 

6 

25 X 

100 

2 

24 

1 14 

1 130 

23 

18 X 

96 

3 

49 

1 13 

1 193 

41 

26 X 

84 

4 

67 

1 41* 

1 262 

45 

26 X 

67 


146 

1J22 

1 209 

1 

115 

21 X 

79 


X represents the arithmetical increase in the titer of the 
convalescent serum as compared with the titer of the acute 
serum 

^Twenty-five of the 67 acute-phase blood specimens 
have been excluded m the calculation of this titer since 
they were collected on the 8th day after onset or later 

convalescent sera were compared with premfection 
sera which were obtained from these persons, on 
the average, 9 months before the onset of the 
disease The results of these neutralization tests 
are presented comprehensively in Figure 3, in 
which the relative accumulated frequenaes of the 
different titer groups have been plotted against 
the observed titers The two lines which have 
been drawn between the respective pomts for the 
acute and convalescent sera illustrate graphically 



Fza 3 Relative Accumulated Fjieque\cies of 
NE uraAun c \ntieodx Titqs of Acute and Con- 
valescent Sera from 1-16 Cases of Epidemic Influenza 
Twcnt>-fi\e acute sera taken on the 8th day after onset 
or later ha\e been excluded. 


the distnbution of neutralizing antibody titers m 
these sera The area between the lines gives a 
graphic indication of the increase in titer which 
occurred dunng convalescence 
Contacts Each of 33 persons who had contact 
with cases of epidemic influenza m the course of 
the four epidemics contnbuted two blood speci- 
mens, one dunng or before the epidemic and one 
after Neutralization tests have been made with 
these sera, the results of which are presented m 
Table X Complement fixation studies on these 

TABLE X 

Results of comparative neulraltzaiton tests imth epidemic 
influenza virus on two blood specimens from each 
of 33 persons who had contact with 
cases of epidemic influenza 
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titer 
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Upper respira- 
tory illness 
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1 8 

1 17 

1 125 

8 

8x 

100 

: 25 

1 26 

1 78 

7 

llx 

28 


33 

1.23 

USi 

' 

15 

10 X 

45 


X represents the arithmetical increase m the titer of the 
convalescent serum as compared with the titer of the acute 
serum 


sera will be reported separately by Eaton and 
Rickard ( 18) Eight persons in the contact group 
suffered from mild and transient upper respira- 
tory infections after the beginning of the epi- 
demics, but m no instance were the symptoms con- 
sidered to be similar to those seen m the cases 
diagnosed as epidemic influenza Each of these 
8 patients, however, showed a significant increase 
in neutralizing antibody titer m the second blood 
speamen Twenty-five of the contact mdivicluals 
had no history of respiratory illness dunng or 
immediately after the epidemic penod Nonethe- 
less, 7, or 28 per cent, of this group also showed 
a significant increase in neutralizing antibody titer 
m die second blood specimen In the contact 
group as a whole, 45 per cent of the 33 individuals 
showed a sigmficant increase in neutralizing anti- 
body titer m the second blood speamen It seems 
reasonable to interpret these results as additional 
evidence for the possibility that subchnical mfec- 
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tion with the vims of epidemic influenza can lead 
to an increase m antibodies equally as significant 
as that encountered in frank clinical cases A 
comprehensive analysis of the results of the neu 
tralization tests on the entire contact group is 
presented in Figure 4, in which the relative ac- 



Fia 4 Rzlative Accumulated Fhiquencies oi 
NExmLUjznTQ Antibody Tmas or IimiAEpnaMic and 
PoSTZPiDrMic Skba tbom 33 Influenza Contacts 


cumulated frequenaes of the various titer groups 
have been plotted against the observed titers A1 
though a sigmficant increase m titer occurred m 
only 15 of the 33 cases this change was suffiaent 
to displace considerably the line representing the 
convalescent titers, 

Nomnfluensal infections Eighty three cases of 
acute noninfluenzal mfections of the respiratory 
tract have been studied m order to detenmne the 
relative levels of neutralizing antibodies against 
epidemic influenza virus m their acute- and con- 
valescent phase sera. The results of these com- 
parative neutralization tests arc presented m Table 
XI Two blood specimens from each of 56 pa- 
tients with common colds were studied A sig 
nificant increase m neutrahzmg antibody titer was 
noted in only 1 case or 2 per cent This mdi 
vidual was present m the community during Epi 
dcmic 3 and could have had contact with cases 
of epidemic mfluenza. Two blood specimens from 
each of 19 patients ivith sporadic gnppe were 
studied and m no instance did a significant in 
crease m neutralizing antibody titer occur during 


TABLE XI 

Restills of comparaltv* nsvtraJtsaUon tests mih eptdmtc 
influtnsa virus on tw hhod speamensfrom each 
of SJ patients vnth acuU nontnfluensal 
respiratory infeeiumj 
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Common cold 

56 

1J8 

1J2 

1 

2 

Sporadic gnppe 

19 

1J5 

1J6 

0 

0 

Atypical pneumonia 

S 

1-6 

1 6 

0 

0 

Pneumococcus 


■■■ 




pneumonia 

4 

19 

1 4 


0 


83 

1.27 

130 


1 


convalescence. Two blood speamens from each 
of 5 cases ivith so-called atypical pneuraoma and 
4 cases of pneumococcus pneumoma were also 
studied and none showed a significant mcrease 
in neutrahzmg antibody titer during convales 
cence One case among the total of 83 cases 
showed a rise m antibodies against epidemic m 
fluenza virus durmg convalescence, but it seems 
likely that, in this single instance at least, the 
increase m antibody titer could reasonably be 
explamed by the possibihty of contact with pa 
tients suffermg from epidemic influenza In Fig 
urc 5 are shown the results of a comprehensive 



Fig. S. Relativ* Accumulated Feequenoes or 
Neutbalizinc Antibody Titers or Acute and Com 
VALESCENT SlRA TROM 83 CASES OE NONUmAJENZAL Re 

spiRATURY Disease 
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analysis of these cases The relative accumulated 
frequenaes of various titer groups have been 
plotted against the actual titers The two lines 
representing the accumulated results for the acute 
and convalescent sera respectively have an almost 
identical position and illustrate graplucally the 
fact tliat no significant change in titer occurs 
after these diseases 

In Figure 6 the accumulated frequency data 
for the acute-phase sera from 121 cases of epi- 
demic influenza and sunilar data for the acute- 
phase sera from 83 cases of nomnfluenzal respira- 
tory disease are compared These data illustrate 



^3utra//£j/7g Tiftr of Scrum 


Fig 6 Relative Accumulated Frequekcies of 
Neutrauzing Antibody Titers of Acute Sera from 
121 Cases of Epidemic Influenza and 83 Cases of 
Noninfluenzal RESpiRA.ToaY Disease 

graphically the finding that the acute-phase neu- 
tralizing antibody titer ^vas somewhat lower m 
epidemic influenza than in the nonmfluenzal cases, 
but it does not seem likely that this difference is 
great enough to be significant 

DISCUSSION 

The reports of previous investigators (1~12) 
have adequately pro\ed that epidemic influenza is 
a definite disease entity uith an established virus 
etiology Unfortunately, there are no kno\\’n 
pathognomomc signs or symptoms \vhich permit 
an accurate clinical diagnosis Although it has 
been suggested b} Stuart-Hams et al (12) that 
m the presence of an epidemic of respiratory dis- 


ease a certain symptom complex may serve to 
differentiate influenza from similar but etiologi- 
cally different diseases, the California epidemic 
studied by Francis (19) makes this possibility 
seem unlikely In the four epidemics uhicli liave 
been studied dunng 1939 the clinical diagnosis was 
difficult, although the epidemic nature of the dis- 
ease was obvious because of the close similarity 
of the clinical syndromes to those which had been 
observed in sporadic cases prior to tlie epidemic 
In these latter cases influenza virus was not found 
m the throat washings, and no increase m neu- 
tralizing antibody titer was demonstrable during 
convalescence It seems important to empliasize 
that, although a good correlation has been estab- 
lished m these four epidemics between the clinical 
diagnosis and the laboratory diagnosis of the 
disease, the clinical diagnosis was based largely 
upon the fact that epidemics had occurred and 
not upon any charactenstic symptom complex 
The four epidemics have been characterized by 
relatively mild clinical disease which ^vas almost 
uncomplicated It may be that the mildness of 
the human disease was paralleled by a relative 
avirulence of the virus for ferrets, a possibility 
which has been suggested by Andrewes, Laidlaw, 
and Smith (3) In these epidemics considerable 
difficulty was encountered in obtaining evidence 
that the virus was present in the throat washings, 
even though serial passage m ferrets was earned 
out Frequently, the first ferret inoculated failed 
to show a reaction which was suffiaently definite 
to indicate the presence of influenza virus Even 
with prolonged senal passage of known strains 
of virus isolated this year, the responses were 
inconstant and 38 per cent of the passage ferrets 
failed to develop significant fever or symptoms 
Additional evidence for the relative avirulence 
of the 1939 strains lies m the fact that they were 
not easily adapted to mice and were even less 
readily maintained m tissue culture Despite this 
apparent avirulence for susceptible expenmen tal 
animals, these strains of epidemic influenza virus 
seem to have been equally as good antigens as tlie 
more virulent strains previously isolated Both 
expenmental antisera against these strains and 
convalescent serum from patients with the disease 
possessed neutralizmg antibody titers comparable 
to those produced by the most virulent strains 
Not only have the 1939 strains been less virulent 
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for experimental animals than those isolated m 
previous years but thar isolation from the throat 
washings of serologically proven cases has been 
less frequent than m previous years Virus has 
been obtained from throat washings in only 45 
per cent of instances whereas it was obtamed in 
more than 70 per cent of cases m 1937 (11 12) 

The study of the neutralizing antibody titers 
of acute and convalescent blood specimens from 
each of 83 cases of nomnfluenzal respiratory m 
feebon conclusively demonstrated that no nsc m 
titer against epidemic influenza virus occurred 
durmg convalescence from these diseases In 
contrast to this the mcreasc m neutralizing anti 
body bter noted dunng convalescence m the large 
majority of the 146 cases of epidemic influenza 
was striking The results of the neutralization 
tests on the sera obtained at weekly mtcrvals from 
cases m Epidemic 4 mdicate that a rapid mcreasc 
m ncutrahzmg antibody titer occurred after the 
onset of the disease. 

The contact group presents certain interesting 
findings Among the individuals who had contact 
with cases of epidemic influenza but gave no his 
tory of any respiratory mfection thereafter 28 
per cent showed an mcreasc m neutralizmg anti 
bodies against the virus m their second blood speci 
mens This seems good evidence that subchmcal 
mfection by epidemic influenza virus had oc 
curred. Somewhat similar evidence has been pre- 
sented by Stuart-Hams et al ( 12), and an identi- 
cal conclusion was reached by Francis et al (9) 
on the basis of the antibody titers found m the 
scrum of contacts after an epidemic. The mdi- 
viduals m the contact group who did develop mild 
upper respiratory infections require speaal con 
sideration smcc all of these mdividuals showed an 
mcreasc m neutralizing antibodies m their second 
blood specimens In none of these cases were the 
symptoms consistent with a diagnosis of influenza 
and in most instances common cold seemed the 
most suitable classification The p recontact levels 
of neutralizing antibodies m these two groups 
were almost identical and do not offer any expla- 
nation for the fact that, following contact illnesses 
occurred m the first group but not m the second. 

Two possibihties seem likely (a) The mild 
cimical symptoms were unrelated to a subchmcal 
infection by epidemic influenza virus and, there- 
fore, to the increase m neutralizing antibodies , or 


(b) The virus produced in these mdividuals, an 
unusually mild and aberrant form of the disease 
which was followed by an mcreasc m antibodies 
Both possibilities have some support from the fact 
that influenza virus previously has been isolated 
and an antibody rise demonstrated by Francis 
et al (11) m (o) a contact who did not develop 
any sjnnptoms and (&) a contact who had mmimal 
symptoms for 24 hours. 

The certam diagnosis of epidemic influenza 
probably cannot yet be made upon cither chmcal 
or epidemiological grounds. Neither can the di- 
aguosis be made solely by serological laboratory 
tests, since persons who have contact with cases 
but themselves remain symptom- free, may develop 
an increase in antibodies equal to that shown by 
frank cases Therefore a clmical history be- 
comes an essential supplement of the laboratory 
studies. A certam diagnosis of epidemic influ- 
enza still seems to require three types of evidence 
(o) chmcal history, (b) isolation of virus, and 

(c) mcreasc m antibody titer against the virus 
It seems reasonable to suggest that a defimte dis- 
tmction be made between the disease epidemic 
influenza and mfection by epidemic influenza 
virus The former is characterized by a variable 
symptom-complex the presence of virus m the 
nasopharynx, and an mcreasc m antibody bter 
dunng convalescence. The latter may be entirely 
syraptomless but nonetheless is followed by an in 
crease m antibody bter 

SUMMARY 

1 Epidemic influenza virus ^va3 isolated from 
cases of influenza m four epidemics dunng 1939 
The virus was not isolated from vanous cases of 
acute respiratory disease which occurred pnor to 
the epidemics 

2 The strains of virus isolated produced m- 
constant reacbons in ferrets and the experimental 
disease was typically mild The strains were not 
easily adapted m mice. 

3 Anbgemcally these strains were more nearly 
related to the PR8 stram than to the W S stram 
but were different from both. 

4 The neutralizmg anbbody titer increased 
rapidly after the 5th day of disease and reached 
maximum levels between the 10th and 14th days. 

5 Contacts developed a significant increase. 4 n 

’V>v 
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neutralizing antibody titer without manifesting 
any symptoms 

6 No increase m neutralizing antibodj titer 
occurred during convalescence from four different 
noninfluenzal respiratory infections 
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At the present time the available evidence is m- 
suffiaent to establish defimtely the etiology of 
rheumatic disease although promising work has 
been done and is m progress It has long been 
recognized that there is a tendency for the disease 
to occur more frequently m some famdics than m 
others In a previous study ( 1 ) based upon the 
records of the famihes of patients admitted to 
the Cardiac Qunc of the Hamet Lane Home 
careful statistical analysis suggested that hcrcdi 
tary constitution might be a factor m causmg this 
aggregatiom The evidence presented however 
did not exclude the possibility that the famihal 
aggregation might be due solely or ptinapally to 
common exposure either to a microbic cause 
and/or to any environmental factor such as nu 
tnbonal dcfiaency which favored development 
of the disease. 

If the disease were due solely to heredity it 
would be expected that it would mamfest itself m 
the vanous members of the family m such a way 
that its first acute mamfestabons (onsets) would 
be scattered along the time scale of family expen 
ence m a random fashion or affected solely by the 
age of its members On the other hand, if m 
addition to hereditary predisposition, an environ- 
mental factor or factors were concerned it would 
be expected that dunng certam penods of time 
m the family expcnence the nsk of attack would 
vary according to the degree with which the en 
vironmcntal factor was actmg Thus we would 
expect a certam amount of grouping of the onsets 
of new cases occumng m the family and after 
one member had developed acute mamfestations 
of the disease there would be an mcreased ma- 
dcnce among his famihal assoaates This ex- 
pectation would be justified regardless of the en 
vironmental factor involved whether it be an m 
fcctive agent and/or some other common environ 


mental factor necessary for the development of 
the disease. In other words, a tendency toward 
the groupmg or aggregation of new cases withm 
the family would appear at certain times, as m 
the case of mfective disease such as diphtheria 
scarlet fever tuberculosis and in nutritional de- 
fiaenacs like pellagra. 

To eluadate this relationship the records of the 
group of families previously used m the study of 
the hereditary factors have been analyzed to de- 
termme the relationship of the first appearance of 
rheumatic mamfestations ^ (onsets) in the vanous 
members of these famihes along a time axis, 

MATERIAL AND METHODS 

The data upon which this report is based have been 
extracted from the medical records of 96 consecutive ad- 
missions of white children to the Cardiac Clmic of the 
Hamet Lane Home because they were suffering from 
rbemnatK: disease, and from the epldcnnological record 
of this disease m their parents and tibUngt. A manP 
festaUon of rheumatic disease was defined as chorea, 
rheumatic fever or rheumatic heart disease, and this defi 
nitic^ is the same as that used in the two preceding arti 
cics (1 2) Detailed mformatiou for each individual m 
95 * of these families is available with respect to the dale 
of birth, date of last observation, and the date of onset, 
duration, and type of each maniicstation of rheumatic 
disease. The data relative to the rheumatic roamfesU 
tioni have, m most instances, been confirmed by hospital 
records. The relationship between the acute manlfcsta 
bons of rheumatic disease m the vanous members of 
family and the age of each mdividual when exposed 
to these attacks can be ascertained from these reports. 
As an aid m this analysis, family graphs were drawn for 
fflrli f amil y showing the mtrafamihal relationship of all 
attacks of rheumatic disease. A sample graph is shown 
m Figure L 

1 T his analysu deals only with the time relationship 
of primary onsets second and subsequent attacks In any 
member have been considered as recurrenccs- 

*Onc family m which ♦^e records are incomplete has 
been excluded from the iti'dy 
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Fig 1 Family Gbaph 

Solid line indicates hfc-expcncnce m the household. Acute episodes arc mdicated by solid blocks on top o£ Ime. 


In order to hold the factor of heredity constant, as far 
as possible, the famiUes were divided according to whether 
or not their parents had a history of rheumatic disease. 
There were 43 families m the group m which one or 
both parents were rheumatic, and 52 families m which 
neither parent had a rheumatic history The c/itldreti of 
these families have been studied to determine if an m- 
creased nsk of developing the disease was associated 
with the occurrence of an acute episode of the disease in 
any other member of the household (adult or child) 

It should be noted that the 95 families under study 
were selected because at least one member (a child) was 
admitted to the clinic sufienng from rheumatic disease. 
The children who are responsible for the mclusion of 
their families in the study are knowm as ** mdex cases " 
to distinguish them irom their siblings who enter the 
stud> because oi their familial relationship The mdex 
case IS not necc 5 sanl> the first case to occur m the family, 
but It IS the first to come to the clinic sufi’ering from the 
disease. Because mdex cases are the means through 
wh*ch the lamihes arc selected and, by definiuon, must 
have bad an attack of rhcumauc disease, they have been 
excluded irom the tabulations m order to avoid bias and 
attention has been confined to the occurrence of the dis* 


ease m their siblings who are unselcctcd, except with 
regard to their familial relationship 
The final composition of the group studied was 

Number Number ot 
of (IblJcipof 
famlllci index 

Rheumatic disease m parents 43 156 

No rhemnattc disease in parents 52 191 

The lifc-expencncc of these siblings, m each of the 
above groups, has been divided into that which preceded 
faraihal association ^ with another member of the house* 
hold (adult or child, mcludmg mdex cases) suffering 
from an acute manifestation (primary or recurrence) and 
that which followed such association. By this procedure 
it IS possible to compare the incidence of new cases m the 
children dunng these two periods 
The occurrence of rheumatic disease m the children of 
these families could be expressed as the percentage who 

^The word association is preferred because the terms 
“exposure’* or “contact** would imply that the effective 
environmental factor is opportunity for transmission of 
an mfcctivc agent For present purposes it is desirable 
to avoid this assumption. 
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bad the oxuet of their Erst attack beiorct as compared to 
after atsodatloo with an acnte epiiode, but such a itatC’ 
mMit U not fully satisfactory because it fails to take mto 
consideratioa the time during which each was at risk 
during these penods and the possible differences m age 
susccptibihty For this reason the experience of these 
children has been recorded in the terms commonly appbcd 
in the general populatioD to express mcidcnce of any dis 
ease, namely the age-speoEc annual rates of morbidity 
In order to state the observations on this group m these 
terms it ii necessary to reduce the pnor and subsequent 
experience to a comparable base. This can be done by 
expressing the experience of these children in person 
years of life before and after the date of the first mtra 
familial association with an acute episode of the disease. 
By this method consideration can be given not only to the 
number of children m the family group but also the 
length of time and the various ages during which each 
child was under observatloa 
If the purpose is to calculate morbidity prior to familial 
assodatioQ with an acute attack, the age at which obser 
vatiOQ begins is at birth because all of these children 
entered their respective families at birth. The age at 
which observation ends is dependent upon the occurrence 
of the first of four possible events (f) death, (2) fa 
milial assocutioo with an acute attack m another member 
of the fanuly (3) onset of rheumatK disease, and (■#) 
termination of observation without associatioa. If the 
purpose is to show morbidity subsequent to assocubon 
the observation begins with the age atlamed when first 
associated with an acute attack and ends with either (i) 
death, (2) onset of rheumatic disease, or (2) tcrmraaticin 
of observation. The actual procedure necessary to con 
vert the observations mto person-years of experience is 
that described by Frost (3) and Stewart, Gass, Gauld and 
Puffer (4) m thar studies on tuberculosis. 

Incidence of rheuniaitc dxsease i» the children of 
the families of rheumatic index cases prior 
and subsequent to exposure to acute 
rheumaitc mantfesiaiions tn any 
member of the household 

The cxpcncnce of the children in the study 
group expressed in pierson years along with the 
cases of rheumatic disease and the annual mor- 
bidity rates arc shown m Table L In this table 
the children are grouped according to the history 
of rheumatic disease in their parents and the ex- 
pcnence divided mto that which preceded and 
that which followed first association with an acute 
episode. 

In calculating the total inadcncc of rheumatic 
disease for these hvo penods, only the expenence 
of the children after their second buthday has 
been used This has been done because the oc 


TABLE I 

Life-cxpenence csuci at rheumaitc dtstat* and annual 
attacb rates amoni the siiltntt of PJ rheumaUe in^ cases 
prwr and subsequeM to first assoaatiou wuh an acute manu 
fesiaHon of the auease and accordtni to the history of rheu 
mahe dis^e ta the parents 



Prior to aoodatioo 
'with tn tente epbode 

Sabteqfoent to tuodtUon 
with tn tentt epbodt 

A*e 

Prrwo- 

retr* 

Cuet 

Rtte 

per 

100 

Peraoc- 

yvtn 

CtM 

RtU 

ss 


NO PARENTAL mSTORY OF RHEUMATIC DISEASE 


Under 2 

2-1 

5-14 

15+ 

338.5 
425 5 

706.5 
89 5 

10 

2 

141 

2 23 ' 

20.50 

62.50 
336 00 
121 75 

2 

9 

2 

370 

2 63 
164 

Total over 

2 year* 

1221,5 

12 

0 98 

520 25 

13 

2,50 


PARENTAL HISTORY OF RHEUMATIC DISEASE 


Under 2 

2-4 

5-14 

15+ 

243 0 
257 0 
3050 
17 0 

4 

6 

1 55 
1J96 

48,50 1 
128051 
397 50 
99,00 

3 

18 

4 

2M 

4J53 

4 04 

Total over 

2 years 

1 

579 0 

10 

1 

173 

624 75 

25 

4i)0 


currence of rheumatic mamfestahons under two 
years of age is rare, and no cases occurred during 
this age penod in these famihcs,* 

When the annual rates for all ages over two 
years cire compared before and after association 
it IS found that the inadence in both groups of 
children is more than doubled m the penod fol 
lowing association with an acute episode in the 
household. In those children whose parents gave 
no history of rheumatic disease, the rate mereased 
from 0,98 to 2 50 per hundred per year while m 
those whose parents had a history of rheumatic 
disease the mcreasc was from 173 to 4 00 A1 
though based upon a comparatively small experi- 
ence these differences are suffiaently large to have 
statistical significance, the probability of a differ- 
ence of this size occumng by chance m this group 
IS only tivo m one hundred trials 

It should be further noted that although the ex 
penence m each age group is not large enough to 
give statistical significance to the differences with 

* The effect of thu deducticm from the total life 
experience ha* been to mvntmite the difference* found be 
tween the inadence in the two penod*. 
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one exception the age-specific rates are consistently 
higher after familial association with the acute 
disease 

From the data in Table I it is also possible to 
compare the incidence in children of rheumatic 
and non-rheumatic parents This companson may 
be expressed in a ratio as follows 

Ratio of incidence 

Children of rheumatic parents ^ 
Children of non rheumatic parents 

176 

Prior to association uith an acute episode 

160 

Subsequent to association with an acute episode 

It IS interesting to note that the incidence is 60 
to 80 per cent higher in the children of rheumatic 
parents than m the children of non-rheumatic par- 
ents, and that this ratio is not materially altered 
by assoaation with an acute manifestation of the 
disease 

The time relationship bctiveen association and the 
onset of new cases occurring 
subsequently 

The analysis up to this point has dealt with the 
total incidence of new cases of rheumatic disease 
among siblings of mdex cases which preceded and 
followed the first familial association with an acute 
episode This fails to take into consideration the 
fact that a child might be assoaated vnXh more 
than one acute episode in other members of the 
family before showing clinical evidence of having 
contracted it If the occurrence of an acute epi- 
sode m one member of the family is an indication 
that an en\ ironmental factor or factors, which 
have etiological significance, are operating at this 
particular time, then it would be expected that 
dunng the time interval closely following this 
e\ent the risk of attack would be increased for 
other members m the same family This in turn 
would be reflected m an increased case rate dunng 
a proximal subsequent penod as compared with 
later penods 

In Table II is shown the distnbution of 38 cases 
which occurred among the siblings of index cases 
according to mterval elapsing beu^een the time of 
as:3oaation wnth the last pnor acute episode and 
the time of onset. 


TABLE 11 


Ttvic interval between last pnor association vnth an acute 
episode tn another member of the family and the 
onset of rheumatic disease in 3S cases 


Interval 

Number 
of ca*e* 

Less than 1 >ear 

15 

1-2 years 

8 

2-t 3 years 

5 

3-4 years 

1 

4-5 years 

5 

5-9 years 

2 

Over 10 years 

2 

Total 

38 


It Will be noted that 15 of the 38 cases had their 
onset within one year, and 23 ( 15 -J- 8) within 
two years of their last prior association with an 
acute episode in another member of the family 
At first glance the distribution suggests that the 
nsk IS greatest among these children within a year 
or t\vo following association with an acute attack 
This tabulation, however, does not show the num- 
ber of cases in proportion to the number of per- 
sons still under observation in the stated intervals 
and, accordingly, does not indicate the relative risk 
m these periods 

TABLE m 

Showing the incidence of rheumatic disease subsequent to first 
association with an acute manifestation according 
to its proximity in time to acute attacks 
in other members of the family 


Time from last 

Person 

Cases onset 

Rate per 

association with 

years 

durioR 

100 person 

an acute episode 

experience 

period 

y^s 


PARENTS — NO HISTORY OF RHEUMATIC DISEASE 


Less than 1 year i 

1 to 2 years 

More than 2 years 

257 50 
120 75 
142 00 

7 

4 i 

2 

27 

3J 

14 

PARENTS — HISTORY OF RHEUMATIC DISEASE 

Less than 1 year 

312 25 

8 

25 

1 to 2 > ears 

130 50 

4 

1 ^ ^ 

More than 2 jears 

182 00 

13 

! 7 1 

i 


Using the onset of each separate acute episode 
as a focal point, it has been possible to divide the 
total experience of each child, subsequent to first 
assoaation, according to its proximity to the onset 
of the last acute attack m another member of the 
family This division was made m three tunc 
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bands (1) the expenence which fell within one 
year following association with an acute episode 
(2) that which was more than one year and less 
than two years following assoaation, and (3) 
that which ivas more than two years following 
association * 

After the total expenence foUoiving first asso- 
aation of each child ivas divided m this way that 
of the group as a whole ivas obtamed by addmg 
the mdividual expenences together Rates can be 
calculated for each mterval by dividing the cases 

• In malnn^ thu diviaon, the pnxxdure wai to calculate 
for each Individual the amount of expenence following 
first anociabon which was within one year and that which 
was within two years of association with an acute episode 
m the household. The detail for calculations on Indl 
vidual 6 Family 21 (shown graphically m Figure 1) was 
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having their onset vnthin it by the corresponding 
total person years expenence. These rates ex- 
press the annual incidence of the disease in those 
at nsk according to the proximity to all acute 
episodes with which the children were associated. 

Although the expenence is small, it shows no 
tendency for new cases appeanng m other mem- 
bers of the family to be grouped or aggregated 
closely about the time at which one member comes 
down with acute mamfestations Indeed if any 
mfercnce at all is permissible it is the contrary 
one % e that after the disease has occurred m one 
member of the family it may be a matter of years 
rather than of months before another member is 
attacked. 

SUMMARY AND DISCUSSION 

The children of 95 famihes in each of which 
one child entered the dime because of some rheu 
matic manifestation, were studied with respect to 
the rdabonship of the occurrence of the disease 
among them to famihal association with an acute 
episode of the disease in another member of the 
family As far as possible hereditary factors 
were held constant throughout the analysis, and 
the mdex cases were exduded from the tabula- 
tions because of the bias which they mtroduced 

The analysis showed that the nsk of contractmg 
the disease among the siblmgs of the mdex cases 
Avas mcreased, following assoaation with an acute 
episode m another member of the family to more 
than twice that which prevailed pnor to this as- 
sociation. This suggests that there is an environ- 
mental factor which plays a role in the causation 
of this disease. 

The children of rheumatic parents had higher 
attack rates than the children of non rheumatic 
parents both before and after their first familial 
assoaation with an acute episode. The mterpre 
tation of this finding should be made ivith caution 
because the children who have parents with a 
rheumatic history are m most instances, also as- 
soaated with what might be called the chrome 
quiescent phase of the disease m these parents 
The higher madence m these children could there 
fore be due either to an increased hereditary sus 
ceptibihty or to long contmued assoaatioa with 
the disease m chrome form. Considered along 
with the findings of the previous article (1) the 
first would seem to be the more probable explana 
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tion, t e , that heredity plays a definite role in the 
etiology of the disease 

The time relation between episodes m the family 
and the occurrence of subsequent cases m other 
members did not show a definite tendency for the 
incidence of subsequent attacks to be highest within 
short time intervals of an association with acute 
episodes This finding would suggest that either 
long continued exposure to the cause (whether it 
be parasitic or non-parasitic) is necessary, or that 
the disease is slow m developing to the point where 
It becomes clinically manifest In this respect, if 
it be due to an infection, it therefore resembles 
tuberculosis rather than an acute infection such 
as scarlet fever or diphtheria, and the results of 
exposure in any household should not be meas- 
ured in weeks or months but in years 

These findings are consistent with the hypothe- 
sis that in the etiolog}" of rheumatic disease there 
are both hereditary and environmental factors in- 
volved, and that the environmental factor to pro- 
duce the disease must act over a long period of 
time, and/or the disease has a long period of sub- 
clinical development before becoming manifest 
They are consistent wth such an hypothesis, but 
do not prove it, because other explanations could 
fit the obsen^ed facts 

CONCLUSIONS 

Careful observations over varying penods of 
tune on 347 siblings of 95 children who were ad- 


mitted to the clinic because of some rheumatic 
manifestations showed that the attack rate 

1 Increased after association with an acute 
episode 

2 Was higher among the children of rheumatic 
parents both before and after such association 

3 Showed no tendency, following assoaation 
with an acute episode, to be higher within a short 
proximal period as compared with a more remote 
later penod 

Acknowledgment is made by the authors to Dr Ken 
neth Maxey, Dr Lowell J Reed, and Miss Jean Downes 
for their assistance and advice m the preparation of this 
article, 
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An accurate and specific method for the deter- 
mination of thiamin in unne based on the reaction 
between the vitamin and diazotjzed p-aminoaccto- 
phenone has been developed (1) Under suitable 
conditions, such determinations should give mfor- 
mation regardmg the state of saturation of an 
orgamsm with this vitamin. Studies of the uri- 
nary excretion of thiamin m normal subjects 
before and after test doses the factors influencing 
such excretion and the changes associated with 
experimental deficiency have been reported (2) 
The present commumcation deals with determina 
tions of the urinary excretion of thiamin m 89 
patients m the Umversity Hospital, correlation of 
these values with dietary histones of these pa- 
tients, and the evaluation of the possible assoaa 
tion of thiannn defiaent^ with the chnical condi 
tions encountered. 

conditions and mcthods 

The thi amin content of the diet mgested by each 
pabent during the month pnor to the test was 
evaluated on the of repeatedly consistent de- 
tails of the dietary history as obtamed by more 
than one questaoner This was classified as de- 
fiaent only when obviously so as suboptimal when 
the diet was low in protective foods but not 
grossly defiaent and as adequate when estima 
tions mdicated an mtake of two^thirds of a milh- 
gram (220 international units) or more. 

Two consecutive 24-hour unne specimens were 
collected from each patient Just prior to the be- 
guimng of the second sample and after the largest 

^ This paper was presented m part before the Central 
Society for Chnical Research November 3 1939 at Chi 
cago. The expense of this mvesUgatioa was defrayed by 
grants from the Upjohn Company iCalamazoo and from 
the Horace H. Rackhara School of Gradoate Studies Uni 
vcrsity of Michigan Ann Arbor 

•Upjohn Fellow m Chnical Research 1933-1940 

•Upjohn Fellow m Climeal Research, 1937-1940. 


meal of the day an aqueous solution of 5 mgm 
of thiamin was taken orally Previous studies 
(2) indicate the advisabihty of usmg the oral 
route for the test dose and the necessity of giving 
it with a meal The first sample ivas analysed 
to give the 24-hour excretion value when the diet 
furnished the entire supply of the vitamin. As 
the patients ate the same diet on the 2 consecutive 
days, the value for the first sample ivas subtracted 
from the value obtained by analysis of the second 
sample m order to calculate the percentage of the 
test dose excreted in the 24 hours following its 
admmistration. The method of analysis has been 
described m detail elsewhere (1) 

Since drastic reduction of the dietary thiamin 
of normal subjects resulted in a rapid decrease 
of unnary thiaram excretion (2) the thiamm 
content of the diets ingested on the days of the 
tests 13 estimated m the tables When numcncal 
values are given, calculations are based on the ta- 
bles compiled by Williams and Spies (3) Unless 
otherwise indicated the tests were done before 
the fifth day of hospitalization. The absence of 
an appreciable increase m the unnary excretion 
dunng the first few days after resumption of a 
normal thiamin mtake by a subject with expen 
mental dcfiaency (2) demonstrates that the mges- 
tion of an adequate diet by the defiaent mdividual 
for a few days pnor to the test does not vitiate the 
significance of subsequent values 

RESULTS 

Standards Standards for the interpretation of 
values obtamed with chief attention directed to 
the minimal normal excretion of thiamin have 
been derived by correlating the unnary t hi a mm 
values for each subject with the adequacy of the 
dietary thiamm mtake dunng the preceding month 
m a senes of 24 normal controls (2), 22 hospital 
patients without chnical evidence of nutntional 
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Fig 1. Correlation is Adult Males BenvEEs the 
ADEQU\< ry OF the Preceding Dietary Thiamin Istaice 
AND tije 24-Hour Urinary Thiajxis Excrctios 

i 


deficiencies, and 24 patients with clinical evidence 
of deficienaes in one or more nutritional factors, 
including 3 patients with “ alcoholic beriben ” 
All patients were excluded who had disorders 
which might lead to faulty absorption, storage, 
utilization or excretion of the vutamm 

Figure 1 presents the values of urinary thiamin 
excretion by male subjects dunng the time that 
the diet furnished the entire source of thiamin 
Those whose preceding diets had been defimtely 
inadequate excreted 66 micrograms or less per 
24 hours, whereas all subjects who had previously 
been on adequate diets excreted 90 rmcrograms or 
more With the female subjects (Figure 2) the 
dmsion is not so sharp, but no subjea who had 
taken an adequate thiamin intake excreted less 


than 53 micrograms per 24 hours and only 1 ex- 
creted less than 60 micrograms Only 1 female 
with a history of a definitely inadequate diet ex- 
creted more than 43 micrograms Since no sig- 
nificant difference was seen between males and 
females in the per cent of the oral dose excreted, 
these data for both sexes are presented in Figure 
3 All patients with a history of a preceding in- 
adequate thiamin intake excreted less than 7 per 
cent of the oral dose , all 27 subjects whose diets 
had been adequate excreted about 8 per cent or 
more, and 22 of the 27 excreted 10 per cent or 
more 

It appears that if a male subject fails to excrete 
more than 90 micrograms of thiamin during a 24- 
hour period when he is ingesting an adequate diet, 
he may be suspected of having a significant reduc- 
tion of the body stores of thiamin, and if he ex- 
cretes less than 60 micrograms, such reduction is 
reasonably certain Corresponding values for fe- 
males place the lower limit of normal excretion at 
60 micrograms, with values below 40 micrograms 



Fig. 2. GjanELATio i in Acllt Feuxlss Bcnvez-i 
THE AdEQUACV of THE Precedi g Dietarv Thia-iin 
Intake and the 24-Hobt UmsAiiy Thiaui Exceetio 
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Adeqdacy or the Pbecedewg Dietahy TmAiirN Intake and the Pee 

CENTACE OF A S JJGIL TeST DOSE OT ThIAIIIN ExCEEITD IN THE UeIHE DuE 

iNo THE Fiest 24 Houes Anta It Is Taken Oeally \mH a Meal 
The caoaxtion valuci arc corrected for the amount of thmram from dietary 
sources excreted dunng the test period. 


mdicahve of a fairly certain depletion Excretion 
by a member of either sex of less than 7 per cent 
of a 5 mgm. oral test dose taken with a meal is 
also evidence of depletion of thiamin stores It 
IS pertinent to note that values for the normal ex- 
cretions used in eshmatmg these standards are ob- 
tained from subjects in whom no attempt at satura 
bon With the vitamin has been made. These mini 
mal standards for thianun excretion are purposely 
conservative 

PcUtsiits with clinical ihtaimn deficiency Three 
patients with peripheral polyneuritis chmcally 
identical with that of benben (4) were studied 
Case 1 m addition presented all the findings of 

benben heart disease ’ (5) Alcoholism was 
responsible for a grossly inadequate dietary intake 
in each case. In these patients the values for 
tbiamm excretion, presented m Table I are much 
below those of the controls both before and after 
the oral dose. Each of these patients also cx- 


TABLE I 


Unnary txcrchoH of Uuamtn paiienls mlM dtntcal 
iMamift deficiency 
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cxeted definitely less thiamin m the unne after 
parenteral test doses than did normal subjects 
All 3 patients showed excellent clmical improve- 
ment after treatment with crystallme thiamin, 
adequate diets, and other vitamin supplements as 
indicated by comcident deficiencies 
After treatment. Cases 1 and 2 returned to the 
diets on which the onginal tests were done and 
showed unnary excretions in the high normal 
range The high unnary excretion after treat- 
ment, when no test dose was given, may be due, 
in part, to excess storage of the vitamin given 
therapeutically Subsequent studies (2) have in- 
dicated that a longer interval is reqiured for the 
unnary thiamm excretion of a normal subject to 

TABLE u 


Urinary excretion oj thiamin by paltenis vnth nutritional 
deficiency 
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• These patients had plasma ascorbic acid values of less 
than 0 5 mgrm per 100 cc. on or shortly after admission 
t These patients also excreted dunng contmuous intra* 
'venous administration of thiarmn sigmncantJy less of the 
\ntamin than did normal controls 

t -Mtcr treatment the excretion of thiamin during con- 
tinuous intra\enous adnumstrauoa was also in the range 
of the normal control values. 
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return to its basal level after discontinuation of 
supplementary thiamin 

Patients with other nutritional deficiencies 
Twenty-one patients who presented clinical evi- 
dence of single or multiple nutntional deficiencies 
as a major, and often the sole, cause of symptoms 
were studied The results are presented m Table 
II None of these cases presented unequivocal 
chmeal evidence of thiamm deficiency It should 
be noted that we have made the diagnosis of 
pellagra in patients who have manifestations other 
than the classical dermatitis, and that many foods 
with a fair to good thiamm content (3) are not 
highly pellagra-preventive (6) The clinical diag- 
nosis in these cases was confirmed by observation 
of a significant response to therapy with appro- 
pnate vitamin supplements All but 1 patient 
showed excretions before the test dose definitely 
lower than the values obtained on normals, and 9 
of the 18 cases given the oral test dose excreted 
less than 7 per cent thereof Cases 5 and 19 show 
apparently paradoxical values, with low excretion 
on the diet alone and unusually high values after 
the oral dose The tests were repeated on Case 15 
8 days after the cessation of treatment with a 
yeast and liver concentrate of high thiamin con- 
tent Values well in the normal range were ob- 
tamed then 

Patients with organic heart disease The fact 
that thiamm deficiency per se can cause serious 
cardiovascular disturbances (5, 7, 8) has led to 
consideration of the possibility that a concomitant 
but less evident deficiency may contribute to the 
clinical disability la organic heart disease (9, 10, 
11) Restnction of the intake of the ** protective 
foods ” is not uncommon m chronic cardiac dis- 
ease, either as a result of gastro-intestinal symp- 
toms or as part of the therapeutic regimen Ta- 
ble III presents the unnary thiamin excretion val- 
ues of 7 patients who were hospitalized for treat- 
ment of cardiac decompensation There was no 
evidence of impairment of renal function in these 
cases Gise 31, the only one to show excretions 
definitely in the normal range, was tested after 
recovery from decompensation However, all 7 
patients responded satisfactorily to the usual treat- 
ment with bed rest, digitalization and diuretics, 
on an adequate diet ivithout vitamin supplements 
Cases 26, 28, and 29 failed to show any additional 
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unproyement objectively when large doses of 
crystalJme thiamin were givcm 
Pattmts wUh endocrine disorders By infer- 
ence from work on cxpcmnental animals some of 
the diseases of endoenne origin have been sus- 
pected of bemg associated with abnonnahties in 
utiliiation of thiamin. Himwich and associates 
(12) have accelerated the appearance of vitamin B 
dehacncy m dogs by massive doses of thyroid 


Other workers (13 14, 15 16) have demonstrated 
that the amount of thiamm required to maintain 
weight gam m rata and pigeons is increased by 
experimentally mduced hyperthyroidism Frazier 
and Ravdm (17) have reported improved results 
by the use of yeast and thiamm m the preoperative 
preparation of hyperthyroid patients Table 
presents the values for thiamm excretion on 7 \ 
tients with toxic goiter 6 of whom show vali 
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Diabetes mellitasf 
Diabetes mellitu*! 
Diabetes mcUitusI 


TMuoId 
CO*'*^*' of 
pregci 


Adequate 

Adequate 

Adequate 

Adequate 

Adequate 
Adequate 
Inadequate for 
21 wetla 
Suboptimal 
Adequate 
Adequate 
Adequate 
Adequate 
Adequate 
Adequate 


DleUnr 

thUmtn 

dtuliia 


Good 

Good 

Good 

Good 

Good 

Good 

Good (980 7) 
Fair 

Good (900 7) 

Good 

Good 

Good 

Fair 

Good 


• No neurologic complainti neurologic namln ationnonMil^ neontii. 
t Symptoms sensory disturbancca and m inwcr extremities. 

i No ifimntoms or insorv disturbances. Absent temion reflexes m low extremities. 
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well Within the normal range These patients had 
expenenced the usual polyphagia of their disease 
and had taken diets of high calonc and vitamm 
content Case 38, who showed definitely low un- 
nary thiamin values, had also eaten well until 
anorexia developed about IS days prior to tlie 
tests He \vas extremely toxic on admission and 
went into thyroid cnsis which terminated fatally 
on the seventh day of hospitalization These find- 
ings suggest that in hyperthyroidism the usual 
increase m food consumption suffices to meet the 
increased requirement for thiamin, but that in the 
occasional patient with poor appetite or gastro- 
intestinal disturbances a deficiency of this vitamm 


may rapidly develop The 1 case with classical 
myxedema studied showed low values for thiamm 
excretion, this patient had not eaten well prior 
to the test 

The steadily mounting experimental evidence 
that thiamin plays a role in the intermediary me- 
tabolism of carbohydrates (IS) has aroused con- 
siderable interest in the status of diabetics with 
regard to this vitamin (19) Of particular in- 
terest IS the relationship of 'Miabetic neuritis " to 
the peripheral neuritis of benben All of 6 regu- 
lated diabetics studied showed excretory values in 
the normal range These patients had all been on 
diets of adequate thiamin content before coming 


TABLE v 


Urinary excretion of thianiin by patients a>ith gastro-intestinal disease 
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excreted 

Frac 


Case 




Thiamin 

Dietary 


in urine 

don 

of 
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Sex 

Age 

Diagnoau 

content of 

thiamin 

Antadd medication 



Comment 

ntim 

ber 

previous 

during 

during test 






diet 

test 


Before 

After 










oral 

oral 

urine 









dose 

dose 









micro- 

micro- 










grams 

gramz 

per 

unt 









per 

SA 

per 

24 









hours 

hours 



46 

M 

39 

Marginal 

Adequate 

Good 

CaCOa 1 gram and 

99 

792 

13 9 

2 years after gastro- 


j 


ulcer 


MgsSiaOs 0 5 grams 
q 1 hour 




enterostomy 


47 

iM 

25 

Duodenal 

Adequate 

Good 

CaCOi 2 grams or i 

34 

720 

13 7 

Recent chronic hem- 




1 ulcer 


MgCOa 2 grams | 

q 1 hour 




orrhage 


48 

M 

1 

: Duodenal 

Adequate 

Good 

CaCOa 2 grams or 

15 

630 

12^ 

Recent chronic hem- 



ulcer 


MgCOa 2 grams 
q 1 hour 




orrhage 



49 

M 

58 

Atrophic 

Adequate 

1 

Good 

Colloidal AI(OH)a 

41 

625 

11 7 

8 days after large 




! gastritis 


6 cc q 1 hour 




hematemesis 

50 

M 

29 

Duodenal 

Adequate 

Good 

CaCOa 2 grams or 

32 






ulcer 


MgCOa 2 grams 
q 1 hour 

1 

1 



X ray showed ulcer 



51 

M 

56 

Gastne 

Adequate 

Good 

CaCOa 2 grams or 

31 



ulcer 


MgCOa 2 grams 




healed at time of 






q 1 hour 




test 

52 

M 

66 

Duodenal 

Adequate 

Good 

CaCOa 2 grams or 

63 

' 594 

10 6 

Mild chronic pyloric 

ulcer 


MgCOa 2 grams 
q 1 hour 




obstruction 





53 1 

M 

65 

Duodenal 

Adequate 

Good 

Colloidal Al(OH)a 

30 

492 

92 

Recent chronic hem- 

ulcer 


6 cc q 1 hour 

46 



orrhage 

54 

M 

58 

Duodenal 

Adequate 

Good 

CaCOa 2 grams q 




ulcer 


2 hours 




Just after relief of 

55 

M 

49 

Duodenal 

Adequate 

Good 

CaCOa 2 grams or 

21 

428 

8 1 

ulcer 


MgCOa 2 mgm q 

1 hour 




partial obstruction 

19 years after gas 





56 

M 

56 

Recurrent 

Adequate 

Good 

Colloidal Al(OH)a 

43 

373 

66 

marginal 


4 cc q 1 hour 




tro-enterostomy 

57 

M 

56 ! 

ulcer 

Duodenal 

ulcer 

Duodenal 

ulcer 

Duodenal 

ulcer 

Suboptimal 

Good 

Colloidal AI(OH)a 

8 cc q 1 hour 

38 

366 

66 

Recurrent hemor- 
rhages for 10 >cars 

53 

M 

47 * 

Adequate 

Good 

Colloidal Al(OH)a 

6 cc q 1 hour 

33 

258 

4^ 

Tests on 4th and 5th 
hospital day 

59 

M 

46 

Suboptimal 

Good 

Colloidal Al(OH)a 

6 cc q 2 hours 

26 

123 

1 9 

4 da>3 after recov- 
ery from alLalcJts 
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Cm* 

k- Se 

Act 


Thiamin 


son 

DlaCsoiU 

amunt o/ 


ber 



previoiu 

diet 




ytMTj 




60 

F 

38 

Gastnc 

Adequate 

Good 




caremoma 


61 

F 

57 

Duodenal 

ulcer 

Adequate 

Good 

62 

F 

29 

Duodenal 

ulcer 

Suboptimal 

Good 

63 

F 

26 

Gactnc ulcer 

Adequate 

Good 

61 

M 

38 

Tuberculouc 

Adequate 

Good 




peritonitis 

(700 'y) 




10 weeks later 

Excellent 

High 
(1250 7) 
CSood 1 

65 

M 

49 

Told gastrec 

Adequate 




tomy 

for 7* 

(800 7) 

66 

M 

54 

Pernicious 

weeks j 

Suboptimal 

Fair f 

67 

M 


anemia 



73 

Pernicious 

Inadequate 

Fair b 

63 

M 

S3 

anemia 

Pernicious 

Inadequate 

(^7) 

Fair b 

69 

M 

55 

anemia 

Abdominal 

Inadequate 

(500 7) 

Low N 

70 

M 


carcinoma 

tosls 


(300 7) 

47 

Subacute tcnac 

Suboptimal 

Fair N 

71 


44 

hepadtia 


F 

Advanced 

Suboptimal ' 

Fair N 

72 

M 


atrophic 

curhosis 

(500 7) 


53 . 

Atrophic ! 

Suboptimal ] 

Fair N 




cirrhosis. 

Chronic 

(500 7) 



— 


alcoholism 




AnUdd medlmloa 

durin* U*t 


CaCOi 2 gnimj or 
MgCQi 2 graim t 
1 hour 

CaCOi 2 grams or 
hIgCOj 2 grams q 
1 hour 

CoUoixkl Al(OH), 

8 cc. q 1 hour 

MgiSiiO* 1 gram 
q I hour 


i gra: 
MgCOj 2 g 
I hour 
yfone 

None 


ms or 
grams q 


Thiamin 
czemed 
in urlos 

Fnc 

tkm 

of 

Bclor 

oraJ 

diMC 

e Aft«i 
onl 
dOM 

dOM 

in 

tnliN 

mim 

trowii 

Ptr 

JL 

32 

^ wtitro' 
trami 
Ptr 

Mottrt 

590 

P*r 

C*Ki 

11 2 

21 

368 

69 

24 

215 

3,3 

46 

726 

13 6 

34 

390 

71 I 

238 

1800 

31JZ C 

68 

456 

78 C 

44 

634 

12,8 h 

12 

324 

6J h! 

12 

60 

1 0 N 

50 


1 

Pi 

59 

216 

3 1 Se 

38 

207 

34 

47 




Severe hemorrhage 
5 weeks before 


for 1 wceic 
before test 


for 6 weeks 
Carcinoma of stoii>< 
ach rescrtlon 10 


to the hospital and none of them showed evidence 
of ketosis although 2 showed mtermittcnt glyco 
suna and hyperglycemia. Balance studies with 
more careful attention to the state of control of 
the diabetes are expected to give more conclusive 
information 

Pi^ients with gastro-mtcshml disease Nme- 
teen cases were studied while being treated by a 
modified Sippy regimen for peptic ulcer subsc 
quently 3 of these were shown to have atrophic 
S^tntis, tuberculous peritonitis and gastnc cara 
noma respectively rather than ulcer These tests 
J^th one exception, were done after the patients 
had been imder treatment for 2 or more weeks 


Afost of the patients had been on good diets be j 
fore hospitahzation, Prccedmg and during the , 
tests they ate their diets well Calculations of 
these diets showed a daily mtake of 700 to 900 
micrograms of thia m in with a thiamm non fat- 
calone ratio of approximately 1 0 Antacid medi- 
cation was contmued during the test penod 
The results are presented in Table V The 
values before the oral dose are defimtely lower 
than those obtamed from normal subjects except 
for 1 case however, only 5 of the 16 given oral 
test doses excreted less than 7 per cent thereof 
This type of response, a low value dunng the pe- 
nod when the sole source of thiamm is the 
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followed by excretion of a normal fraction of the 
oral dose, was observed m normally nourished sub* 
jects after subsisting for a few days on an experi- 
mentally defiaent diet (2) Smce the patients on 
the modified Sippy regimen are known to have in- 
gested an adequate diet during the test, it is sug- 
gested that the antacid medication may be the fac- 
tor responsible for the low unnary thiamin values 
This may be due either to destruction of the di- 
etary thiamin in the gastro-mtestinal tract when 
alkali is given simultaneously, or to loss of the 
vitamin by \vay of the feces due to adsorption of 
the alumma gels or silicates The results in Case 
63 support this concept despite the fact that this 
patient had received whole vitamm B complex 
supplements for 1 week pnor to the test, the ex- 
cretion before the oral dose was only 46 micro- 
grams, followed by a percentage excretion of the 
oral dose well in the normal range Studies re- 
ported previously (1) have ruled out the possi- 


bility that these results are due to destruction of 
thiamin by alkaline unne m the bladder 
A somewhat comparable situation might be an- 
ticipated in patients with achlorhydria Case 65 
was studied 10 weeks after a total gastnc resec- 
tion for carcinoma, he liad ingested and retained 
a diet of adequate thiamin content for over 7 
weeks prior to the test He excreted less dietary 
thiamin than did the normal subjects, but the frac- 
tion of the oral dose excreted was not definitely 
low One of 3 patients with pernicious anemia 
had values very similar to those patients receiving 
antaad medication, while the other 2 showed low 
values both before and after the oral dose 
The low excretory values obtained on the 3 
cases of hepatic disease studied are of mterest m 
view of the widely held opinion that the liver has 
an important role in the handling of thiamin (IS) 
However, the results in these cases may be at- 
tributed to the preceding suboptimal thiamin m- 


TABLE VI 


Urinary excretion of ihtaniin by patients vnth various other diseases 


Caic 

nmn 

bcr 

Sex 

Ace 

1 

: 1 

^ Clinical diagcosU 

Thiamin 
content of 
prevlou* 
diet 

73 

1 

M 

^eoTS 

1 

45 

Brucellosis 

Inadequate 

74 

M 

62 

Caronoma and osteo- 

Inadequate 

75 

M 

55 

myelitis of mandible 
Chronic alcoholism 

Adequate 

76 

U 

48 

Myalgia 

Sulxiptimal 

77 

M 

46 

Impotence 

Adequate 

78 

M 

52 

ProCTessive penpheral 
polyneuntis 

Chronic glomerulo- 

Adequate 

79 

M 

55 

Adequate 

80 

F 

36 

tubular nephritis with 
uremia 

Chronic glomerulo- 

Suboptimal 

81 

F 

23 

tubular nephritis 
Neuroorculatory 

Suboptimal 

82 * 

F 1 

19 i 

asthenia 

Hi^tena 

Suboptimal 

S3 

F 

42 

Sciatic neuralgia 

Adequate 

84 

F 

55 1 

Bronchopneumonia 

Adequate 

85 

F 

20 

Gastro-mtestinal allerg> 

Adequate 

86 

F 

45 

Penarthntis shoulder 

Adequate 

87 

F 

40 

Migraine 

Adequate 

83 

F 

28 

? retrobulbar neuntis 

Adequate 

89 

F 

23 

Anxiety state 

Adequate 



Thiamin excreted 



Dietary 

in urine 

Fraction 


thtqpiiri 

duriss 

test 



of dose 
excreted 
in urine 

Comment 

Before 

oral 

After 

oral 


dose 

dose 




micro 

mUro- 




trams 

ptr 

Crams 

per 

per unt 


1 

£4 hours 

34 hours 



Good ’ 

47 1 

176 

26 

Mild peripheral neu 

(700 7) 
Fair 

38 



ntis 

Good 

96 




Fair 

43 

460 

8J 


(550 7) 
Good 

218 

855 

12 7 

Unaffected by thi- 

Good 

208 1 

1386 

23 6 




amin therapy 

Good 

23 

165 

2 8 

N P N 100 to 75 

(700 7) 




mgm per cent 

i Fair 

43 

445 

80 

N P N normal 

1 (570 7) 
Fair 

26 

384 

72 


Good 

46 

435 

, 78 


1 (700 7) 
i Good 

53 

536 

97 

Tested during con- 

Good 

, 115 

1002 

17 7 




valescence 

j Fair 

85 

i 



Good 

154 




Good 

172 


19 2 


Good 

1 130 

1090 


1 Good 

200 
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take as wdJ as to an impamncnt of storage m 
the body 

Patients xmth miscellaneous diseases The re- 
sults obtained on 17 patients with vanous other 
diseases are presented in Table VI The low val- 
ues for thiamin excretion by Case 73 suggest that 
the mdd peripheral ncuntis which comphcated his 
brucellosis might well be attributed to a thiamm 
defiacncy, however, it was impossible to carry 
out therapy suitably controlled to rule out a toxic 
etiology Case 79 with terminal nephntis and 
chrome nitrogen retention had eaten an adequate 
diet for 4 weeks before the test, the low unne 
values obtained may indicate that m renal insuf 
fiaency the kidney is unable to excrete thiamim 
Among the other cases m this group there is ap- 
parent some correlation betiveen the thiaram con 
tent of the preceding diet and the values for un 
nary thiamin excretion 

DISCUSSION 

The correlation m the mdividual subject be- 
tween the unnary excretion of thiamin before and 
after the oral test dose is concordant when judged 
by the above standards m 68 of the 75 cases m 
which both values were obtained excluding pa 
tients ivith achlorhydria and those receiving 
antacid medicatiom We have observed only 1 
subject (Case 30, Table HI) m whom a normal 
value for the 24-hour excretian was followed by 
excretion of an abnormally small fraction of the 
test dose. The remaining 6 subjects excreted a 
normal fraction of the test dose despite a pre- 
ceding 24-hour value m the definitely low range 
4 of these were known to have eaten poorly on 
the day of the test These results are mterpretcd 
as indicating that insufficient thianun from dietary 
sources was available for absorption from the 
gastro mtcstinai tract on the day of the test but 
that there was no significant depletion of the thi 
amm stores. Experimental evidence for this in- 
terpretation IS presented elsewhere (2) 

The results in the patients with achlorhydria 
and those rcceivmg antaad medication suggest 
that in these cases diagnostic significance should 
be attached only to the fraction of the test dose 
excreted Thty alsCn indicate that factors m the 
gastro-intestinal tracti which affect the availabiUty 
of thiamm for absorptioa may be of chnical sig 


ruficance Preliminary studies indicate that a sig- 
mficant reduction m unnary thiamm excretion 
follows the administration of antacid medications 
to patients on a constant dietary intake. Results 
of preliminary studies on the stability of thiamm 
VI Vitro in the secretions of the gastro-mtestmal 
tract mdicate that the vitamm is stable m achlor- 
hydne and m normal gastnc juice from its natu- 
ral aadity to pH of 8 However significant 
losses occur m pancreatic juice and bile at the 
natural pH of 8, but not at pH 4.5 It is sug- 
gested that with gastnc aadity neutrahxcd or ab- 
sent the contents of the small mtestme may be- 
come alkaline enough to permit an abnormal de- 
struction of thiamm 

In discussmg standards of normahty and de- 
fiaency it is important to bear m nund that low 
values for unnary thiamm can in themselves indi- 
cate no more than a depletion of the body stores 
of this particular food factor From the data pre- 
sented in the tables it is obvious that there is no 
particular level of unnary thiamm excretion at 
which signs and symptoms of thiamm defiaency 
appear The clinical significance of the findmg 
of thiamm subnutntion in a patient who presents 
none of the recognized climcal features of thiamin 
defiaency is uncertam Before the physiologic 
alterations and chnical symptoms assoaated with 
the wide vanety of diseases presented in this paper 
can be attributed to thiamin defiaency it will be 
necessary to evaluate the response of such cases 
to thianun therapy under carefully controlled con 
ditions or to demonstrate a speafic biochemical 
dj^functioiL 

SUMMARY AND CONCLUSIONS 

Under proper conditions the level of the un- 
naiy excretion of thiamm permits an objective de- 
termination of the state of thiamm nutnUon m the 
human subject 

There is good correlation between the unnary 
thiamm values and the adequacy of the preceding 
diet with respect to this vitamin. The 24-hour 
unnary thiamm excretion m subjects whose pre 
vious dietary mtake of thiamm had been adequate, 
and who mgested an adequa t e diet on the day of 
the test 'vaa 90 micrograms or more m all males 
and above 60 micrograms m all females but one. 
Under similar conditions, the 24-hour excretion m 
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loblasts X-ray o£ the gastro-mtestinal tract was nor- 
maL The Wassemiann reaction was negative. Ten days 
following the first glyane test the jiatient expcnenccd 
a transitory renal disorder It \vas characterized by 
chills, temperature of 100®, many hyalme casts m the 
unne, and tenderness m the left kidney region The 
urea clearance was 20 per cent of normal at that time. 
All evidence of this disorder disappeared after 48 hours, 
and no more attacks occurred durmg the 13 months tliat 
the patient ^vas followed. The reticulocyte count rose 
to 124 per cent on the tenth day following the first 
injection of hver extract, and 70 cc. of liver extract 
were gi\cn durmg the 3 months between tests Qmical 



Fig. Z P£aKiaou:> Anemls Not PxrviousLV Treated 


reco\cry was complete. At the time of the second test 
the red blood cell count was 4,980,000, hemoglobin 107 
per cent Urea clearance was 105 per cent of normal 

S Faitenfs zutth penitcious anemia (^^e^Io«rly freaked) 

Case 5 E. McIC, female, aged 50 Hospital Number 
10221 Admitted on July 28, 1937, complaining of weak- 
ness, pallor, numbness and tingling of the arms and legs 
and ataxia (see Figure 3) One year previous to ad- 
mission the patient had noted anorexia and difficulty m 
walking She was treated with hver extract and a re- 
mission occurred, but therapy was discontinued and she 
was admitted m a relapse. She was a well developed, 
well nourished, rather pale woman The lingual papillae 
were atrophic at the Up, the vibratory sense was absent, 
and sensation to light touch was dimimshed The red 
blood cell count was 2,060,000, hemoglobin 43 per cent. 
Urea clearance was 100 per cent of normal No free 
hydrochloric aad was present m the gastric juice even 
after the injection of histamine. The gastro-intestinal 
senes was negative. After the first glycine test liver 
extract was administered and a reticulocytosis of 12 per 
cent occurred The chnical remission was gradual but 
complete. At the time of the second test the red blood 
cell count was 4,320,000, hemoglobin 90 per cent Urea 
clearance was 100 per cent of normal 

Case d M. K,, female, aged 67 Hospital Number 
10456 Admitted Apnl 29, 1938, complaining of weak- 
ness, blurred vision, numbness, Ungling of finger tips, 
and pallor (see Figure 3) Three years before the pa- 
tient had noted gradually increasing weakness and pallor 
Later blurred vision and numbness m the finger ups 
developed and hver extract was administered Improve- 
ment followed, but therapy was disconUnucd and a re- 
lapse ensued Lextron had been taken before admission 
without clmical effect She was well developed but 
slender In the retinal vessels numerous scleroUc areas 
were visible. The oral mucous membranes were normal 
and the vibratory sense was poor The red blood cell 


Fia 2 pERNiaous Anemia — Not Previously Treated 
Before therapy 
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ocmnt wai 2,880 000^ hemoglobin 63 per cent Urea dear 
ance waj 60 per cent of nonrul Bihrubm occretion 
test, 2 j0 per cent rctcntioo sodium benxoatc excretioti 
2S granu, daily unnary urobilinogen, 03 mgm. Four 
degrees of free hydrochlonc add were preicnt after 
lajectioa of histamine. The sternal bone marrow was 
hyperplastic and a differentia] count revealed an increased 
number of normoblasts and erythroblasts. After the ad 
mmutratlon of liver crtract the reticulocyte count rose 
to 83 per cent The dmical remission winch followed 
was gradual but complete- At the time of the second 
glyano test the red blood cell count was 4 170,000 hemo- 
globin 87 per cent Urea dearance was 90 per cent of 
normal. 

Case 7 J B., male, aged 40- Hospital Nranbcr 9757 



Admitted on February 11 1938, complaining of weatness, 
pallor shortness of breath, glossitis, and occasional pares 
thcsias of the lower extremities (sec Figure 3) The 
patent had had 2 mduced renussioas of hit disorder 
before his admission He was well devdoped, and wdl 
nourished, with a ydlowish pallor of the skm. The 
tongue was diffusdy reddened but the papiibc were not 
atrophic. The vibratory sense was diminished. The red 
blood cell (xmnt was 2,470000 hemoglobin 69 per cent 
Urea dearance was 120 per cent of normal. BiHrubm 
excretion test, no retention sodium benzoate test, 33 
grams dally unnary urobilinogen, 23 mgm No free 
hydrochlonc aod was present m the fastmg gastric 
imee. The sternal bone marrow was hyperplastic, with 
an abnormally increased number of megaloblasts and 
erythroblasts. The gastro-mtcstmal senes was negative. 
After the administration of hver extract there was a 
rebculocytosis of 16 per cent and complete recovery 
followed. When the second glycine test was made the 
red blood cdl count was 3340 000 hemoglobin 84 per 
cent Urea dearance was 100 per cent of normal. 

4 Patients with pernicious onriniu in mduerd mmssions 

Case 8 T T., male, aged 60 Hospital Number 1035S 
Admitted February I 1938, complaimng of severe weak 
ness and pallor The patient bad had 3 mduced rcmis- 
sioni before admission. He received S cc. of hver ex 
tract weekly for 6 months before the glydne test was 
made. At the tune of the lest the red blood cell count 
was 4340000 hemoglobin 90 per cent and white blood 
cell count 6300 The differential count was normal 
Bilmibm excretion test 6 per cent retention sodium 
benzoate test 3i)3 grams. Urea dearance was 100 per 
cent of normal. 

Case 9 C M., female, aged 71 Hospital Number 
10085 Admitted March 6, 1937 complaining of weakness 
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7 Pattefits with hepatic cirrhosis {see Figure 7) 

This group was composed of 2 patients (Cases 
18 and 19) who had climcal, laboratory, and finally 
postmortem evidence of advanced hepatic insuf- 
ficiency with destruction of liver tissue The 
plasma amino nitrogen curve in Case 18 had a 
delayed peak and in Case 19 it was flat but at a 
relatively high level In both cases the plasma 
urea nitrogen curves were below normal 

DISCUSSION 

Malabsorption of glucose and of fat has been 
established as a feature of tropical sprue, and evi- 
dence is available to suggest that glucose, at least, 
IS not absorbed normally by patients with perni- 
aous anemia The results here presented indicate 
that the amino acid, glycine, also is poorly ab- 
sorbed by patients with imtreated sprue but after 


IlinuteD after [acting blood 

Fia 6 ULCEItATWE COUTIS 

patients they were delayed to between 120 and 240 
minutes The plasma urea mtrogen curves also 
had delayed peaks and 1 (Case 14) v/zs below the 
normal Ie\el, whereas 2 (Cases 16 and 17) were 
definitely ele\^ted The urea clearance ^vas 55 
per cent of normal in Case 16 and 20 per cent of 
normal m Case 17, Presumably the elevations 
were due to renal insuffiaenc> with retention of 
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the symptomatic improvement which follows the 
administration of hver extract the abnormality is 
no longer detectable. Furthermore, the low rates 
of formation and excretion of urea became normal 
after mduced remission. The low curves for 
plasma ammo and urea mtrogen observed before 
treatment can probably be attributed to poor ab- 
sorption and not to simple loss of glycine from 
the bowel smee the patients did not have diarrhea 
dunng the tests 

Once absorbed carbohydrates fats and pro 
terns have not been shown to be abnormally me- 
tabolized m sprue, mdeed the results of glucose 
tolerance tests are normal even at the height of 
symptoms if the glucose is adrmnistered intra 
vcnously It is possible however that the slow 
rates of urea formation before therapy by the pa 
tients here reported can be accounted for partially 
by some hepatic dysfunction in the metabolism of 
ammo aads In accord with this possibiUty is the 
fact that the results of 3 liver function tests were 
abnormal m both patients before treatment but be 
came normal after the remissions were established 
In the 2 patients wth pemiaous anemia who 
had not been treated with liver extract previous to 
admission, the plasma ammo mtrogen curves were 
also below normal and flattened As m the cases 
with sprue, these results cannot be attnbuted to 
poor absorption because of diarrhea for both pa 
ticnts had normal bowel function Either there 
was poor absorption m both groups because of 
some specific dysfunction of the gastro intestinal 
tract or the glyaqe ivas qmckly deamimzed The 
latter assumption is unlikely smcc, if it were true 
the rates of urea formation should be rapid and 
this was not the case. An elevated plasma urea 
mtrogen was found in 1 case (Case 4), presum 
ably due to urea retention since only 1750 mgm 
of urea were formed and since the renal function 
test was but 28 per cent of normal There was 
no clear evidence of hepatic dysfunction in this 
patient, although Fouts, Helmcr, and Zerfas ( 14) 
have shown that the results of the sodium benzoate 
test arc somewhat abnormal in patients with per- 
maous anemia. In the other patient (Case 3) the 
plasma urea mtrogen curve was below normal and 
2714 mgm of urea were formed ^ the urea clear- 
ance \vas 180 per cait and the rate of excretion of 
urinary urobilmogcn was abnormally elevated 
(65 0 to ISO mgm. daily) In short, since no 


case of sprue or untreated permaous anemia pre- 
sented evidence of abnormally increased deammi- 
zahon and since no glycme was lost from the 
bowel dunng the test it is assumed that the flat 
curves of plasma amino mtrogen mdicate that ab- 
sorption of glycine was impaired 

After therapy the curves became normal and 
by the same entena it is assumed that the absorp- 
tion of glycme improved The fact that the 
amount of urea fonned also became normal m 
both groups of patients is in accord with this 
assumption 

In the 3 tests made on patients with pemiaous 
anemia in relapse following inadequate hver ex- 
tract therapy I plasma ammo mtrogen curve was 
normal and 2 were elevated. This fact indicates 
that the absorption of gl>ane -was normal but the 
rate of deaminization was possibly unpaired in 2 
cases The results of renal and hepatic function 
tests were normal this evidence bang opposed to 
the presence of unpaired hepatic deanumzation or 
renal excretion as a cause of the high ammo aad 
levels. The peaks of the plasma urea nitrogen 
curves were delayed m 2 patients however, and 
m these the amount of urea fonned was slightly 
less than normal (2774 mgm.) m one (Case 7) 
and much less than normal (1911 mgm ) m the 
other (Case 6) The peak of the curve was more 
delayed m the latter patient than m the former 
The plasma urea mtrogen curve was normal m the 
third patient (Case 5) but the amount of urea 
formed was not measured From the plasma 
urea mtrogen levels it appears that a subnormal 
rate of dearmmzation may be present m spite of 
good hepatic function as mdicatcd by other tests 
After adequate treatment the glycme curves be 
came normal in all 3 patients 

The results suggest that relapse of previously 
treated permaous anemia is attended by distinctly 
less disturbance of glyane absorption and metabo- 
lism than is shown by patients in thar first attacks 
It IS noteworthy however, that patients of the re- 
lapse group were tested when thar anemia was 
much less severe than was that of either of the 
m that first attack, or of the patients with 

sprue. 

The possibihty that ischemia of the gastro- 
mtcstinal tract might play a role m the poor ab- 
sorption of the ammo aad by patients with low 
blood levels can be ruled out by the observation 
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made on 3 patients with severe refractory anemia 
These had hemoglobm and erythrocyte levels as 
low as any of the patients with pernicious anemia 
or sprue, and ^et their plasma ammo nitrogen 
curves were essentially normal Furthermore, the 
urea nitrogen curves were elevated m spite of nor- 
mal urea clearances Hence the absorption of 
glycine was probably even more rapid than the 
ammo nitrogen levels would indicate 

Although, as previously mentioned, no patient 
had diarrhea during the penod of the test it was 
still necessary to rule out more conclusively that 
symptom as a cause of malabsorption of glycine 
with resultant low curves of plasma ammo nitro- 
gen Accordingly, the group of patients with ul- 
cerative cohtis and persistent active diarrhea was 
studied In no instance was a low plasma ammo 
nitrogen curve observed, indeed the levels were 
somewhat elevated, a fact supposedly due to a re- 
duced rate of deamimzation This supposition 
could not be proved, however, since m Cases 16 
and 17 high plasma urea values were found also, 
a fact referable to abnormally low rates of excre- 
tion (urea clearance 55 per cent and 20 per cent 
of normal, respectively) For the same reason, 
the subnormal sodium benzoate test results do not 
supply valid evidence of hepatic dysfunction as 
a possible cause of low deammizing power 

In the studies already discussed, some evidence 
of hepatic dysfunction was at hand m those pa- 
tients with sprue and untreated permaous anemia 
who seemed to show evidence of poor absorption 
No such evidence was found in the patients vnth 
pernicious anemia m relapse, and it was accord- 
ingly necessary to test the absorptive ability of 
patients with advanced hepatic insufficiency from 
arrhosis These were the only control studies 
which mdicated a defimte impairment of absorp- 
tive power One plasma ammo nitrogen curve 
w’as flat and below normal and the other was low, 
although a nse did appear late in the curve of 
the test The urea mtrogen curves also were ab- 
normally low This would be expected if the 
defect were one of absorption Defimte evidence 
of hepatic d}sfunction ivas at hand m the results 
of other tests on these patients 

It IS suggested that the abnormal results of the 
gljane tolerance tests m patients wnth sprue and 


permaous anemia m relapse are not dependent 
upon the associated diarrhea or anemia but pos- 
sibly upon some hepatic dysfunction The results 
of the glycine tolerance tests and hepatic function 
tests made on patients with hepatic cirrhosis were 
somewhat similar to those made on patients with 
untreated pernicious anemia and sprue With 
adequate liver extract therapy the results of the 
tests m the latter groups of patients returned to 
normal or near normal levels but, as would be ex- 
pected, this measure was ineffective in restoring 
normal hepatic function to patients in whom the 
majority of the liver cells had been replaced by 
fibrous tissue The suggestion is also strong that 
abnormalities m the handling of glycine may be 
due to a lack of some constituent of liver extract, 
not the anti-pemicious anemia substance 

CONCLUSION 

1 In 4 patients with untreated sprue and per- 
maous anemia the results of glyane tolerance tests 
suggested that glyane was absorbed from the 
gastro-mtestmal tract more slowly than norma! 

2 Evidence of this abnormality was not found 
in the same cases after the admimstration of liver 
extract 

3 Evidence of malabsorption was not demon- 
strable m patients with intractable diarrhea, severe 
refractory anemia or pernicious anemia in com- 
plete or partial remission, but was present m 2 
patients with cirrhosis of the liver 
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pared with normal values of other investigations 
Consequently, it is difficult to evaluate these re- 
sults Analysis of blood from twenty-five arth- 
ritic patients showed normal total sulfur, total 
sulfate and average morganic sulfate content and 
no variation m the average reduced glutathione 
content following administration of sulfur 

In the small amount of literature dealing with 
sulfur metabolism m relation to arthritis, there is 
much that is contradictory and the data certainly 
do not support the numerous far-reaching and 
diverse statements that are made concerning al- 
tered sulfur metabolism, sulfur deficiency, and 
the like, m patients with arthritis 

The rationale for the admimstration of sulfur 
to patients with arthritis is based pnmanly on the 
following claims (I) It is said that a deficiency 
of sulfur exists in chronic arthntics, as evidenced 
chiefly by a lowered content of cystine in finger- 
nails (8), and by a reduced sulfur content of ar- 
ticular cartilage (9) (2) It is reported that free 

indole IS often found in the urine of arthntics 
and, since oxidized sulfur is used in the detoxi- 
fication of indole, it is inferred that an msuffiaent 
supply of sulfur exists for the complete detoxi- 
fication of this substance or that, due to some 
metabolic fault, available sulfur is not used nor- 
mally for this purpose 

Because of the disagreement concerning the 
value of sulfur therapy and because there is in- 
sufficient knowledge of the metabolism of sulfur 
m arthntics, the investigations herein reported 
were conducted The studies were planned pn- 
manly to answer two questions (1) Is there a 
deficiency of sulfur or an abnormahty of sulfur 
metabolism m patients with chronic arthntis ^ 
(2) If there is such a deficiency or abnormality, 
does the administration of sulfur in vanous forms 
benefit or correct either^ No attempt was made 
to evaluate sulfur therapy on the basis of chncal 
changes m the patients studied 

PROCEDURE 

Subjects 

The raetabolisin studies were made on patients with 
vanous t>T>es of arthntis and on normal mdividuals (see 
Table I) Four patients had rheumatoid arthritis m 
different stages of the disease Three were males, one 
was a female, their ages ranged from twenty-six to forty 


years The disease had existed only three months m 
O J at the time the investigation began. Many of the 
affected jomts were acutely inflamed and fever of one 
to two degrees occurred daily throughout the period of 
study G Me, was in the subacute stage of the disease. 
Several joints showed signs of active inflammation, m 
others the inflammation had subsided, at times he had 
slight fever S K,, who was m the early chronic stage 
of the disease, had had arthritis for twenty montlis when 
these studies began All involved joints showed consid- 
erable periarticular swelling, in some joints inflammation 
was slightly active, while in others only tlie residual 
changes of previous inflammation existed, especially con- 
tractures and impairment of motion due to cartilage de- 
struction C B was mcapacitated because of arthritis 
which he had had for six years There were no clinical 
signs of active joint inflammation but the erythrocyte 
sedimentation rate was elevated. His chief difficulties 
were marked hmitation of joint motion, multiple flexion 
contractures and pain m the weight-bearing joints when 
standing He represented the late chronic stage of the 
disease when joint damage from previous inflammation 
was of paramount importance 

The three patients with spondylitis rhizomelica varied 
m age from eighteen to thirty-one years, all were males 
R, H , who was in the early stage of spondylitis, had 
symptoms only m the low dorsal and lumbar spine and 
sacro-ihac joints Pam was the outstanding symptom, 
hmitation of motion was only moderate and due chiefly 
to muscle spasm and pain S G had had symptoms for 
six years There were pam and immobility of the dorso- 
lumbar spme. Roentgenograms showed obliteration of 
sacro-ihac joints and begmnmg calcification of longi- 
tudinal spinal ligaments J S had had spondylitis for 
twelve years, he no longer had pam but was almost 
completely incapacitated because of rigidity of the entire 
spine m severe kyphosis and ankylosis of both hips Ex- 
tensive calafication of the ligaments was demonstrated 
by roentgenograms 

Two patients with typical degenerative disease of the 
jomts ("hypertrophic/' "osteo” arthritis) were studied. 
One, D M , a female, sixty-onc years, had typical bi- 
lateral malum coxae senihs and no other climcal arthntis 
The other, G M , a male, sixty-one years, had typical 
climcal and roentgenological changes m many of the 
distal phalangeal finger joints, a few proximal phalangeal 
finger joints and m both knees The disease had existed 
for ten and six years, respectivcl>, m these patients 

These differences m sex, age and clinical characteristics 


)f the disease clearly show that these patients represent 
ill of the important stages of each of the types o 
irthritis studied. None of the arthntics had any other 
lisease which m any known way would affect the sid ^ 
netabolism. 

The five control subjects wcris healthy persons v'arym^ 
n age from twenty-three to fit ty-one years ^ 

1 female. D Me. was an unonpl laborer, c o 
were students. * 
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TABLE I 
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Plan of study 


All nibjectA were fed identical diets except for the 


addiBoii of butter cream suj^ or mayonnaise to tome 
in order to provide sufficient energy to prevent weight 
lot* m larger and more active tubjectj Thii was ar 
ranged so that the sulfur intake would be the same in 
all Three menus were arranged for successive 

days these were rotated m order throughout the study 
The protein content of the diet was kept low 60 grams, 
so that the btake of sulfur (source of which u chiefly 
protem) would be relatively smalL In this way the 
hasal excretion of sulfur would be small and changes m 
tulfnr elimination during periods of sulfur therapy would 
be more sharply contrasted. The dietary protem was 
•uffioently high so that all subjects were m posihve mtro- 


gen balance. 

The meals for all subjects were quantitatively prepared 
In the special metabolism kitchen and were served to the 
patients on the v«uds where they resided throughout the 
period of study Control subjects lived outside of the 
hospital and ate all their meals m the metabolism dmmg 
room. Each subject drank a fixed amount of dutdled 


water daily All of the food was eaten each day and 
vomiting or diarrhea did not occur 
After four to seven days were allowed for adjustment 
to the diet, all urmc was saved m twenty four hourly 
collechons and preserved with toluene. Urme obtained 
m this way was analyzed for total nitrogen, total sulfur 
total sulfate sulfur morgamc sulfate sulfur and by dif 
fcrencc the conjugated sulfate sulfur and organic sulfur 
were calculated Complete collection of urine was os- 
sored by daily creatinine analyses 
After a penod of study (four to twelve days) when 
the diet provided the sole intake of sulfur various ex 
penments were conducted Sulfur was administered m 
different forms and by different routes, but similarly to 
patients and controls and changes in urmary sulfur were 
measured Thymol was fed to some of the subjects to 
test the abflity to conjugate morgamc sulfur Experi- 
mental penods were always separated by many days o£ 
“control" when no medication was given. A tennmal 
control period ended the mvesbgatlon. The average daily 
urinary sulfur excretion during experimental periods was 
contrasted ivith the average daily excretion during coo 
trol penods. 
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Fingcr-nail clippings were analyzed for cystine before 
the administration of sulfur and at approximately monthly 
mtervals thereafter for three to seven months The 
unnc of eight of the arthnlics and three of the controls 
was analyzed for indole daily 

Chemical methods 

Urinary sulfur was partitioned according to the tech- 
nique of Folin (10) Total sulfur was dctermmed by 
the method of Dcnis-Benedict (11) and total nitrogen 
by the usual macro-Kjeldahl procedure Cystme was 
determined by the Sulhvan method as modified by Ros- 
souw and Wilken-Jorden (12), creatinine by the method 
of Folin (13) and indole by the procedure of Forbes 
and Neale (14) controlled by analysis of pure indole 
and a water blank to insure agamst false positive results 

EXPERIMENTAL DATA 

Sulfur IS eluTiinated almost entirely in the unne 
A relatively small and fixed amount passes through 
the skin (15) and none is excreted by the bowel 
except as hydrogen sulfide which is formed by 
bactena in the intestinal tract Thus sulfur me- 
tabolism can be accurately studied by a complete 
analysis of unne, the small amount of sulfur 
eliminated by other routes was not measured 

In order to compare the sulfur and nitrogen 
metabolism of patients with arthntis and normal 
mdividuals, the average daily excretion of nitro- 
gen and urmary sulfur distribution dunng control 
penods ^vas determined The number of control 
days vaned in different subjects from fourteen 
to twenty-five These data appear in Table I 

It should be noted that the total eliminabon of 
sulfur is essentially the same in the controls and 
all arthntics, although it is slightly higher m the 
controls as would be expected because of their 
larger size and greater activity The per cent of 
sulfur eliminated as total sulfate, as inorganic sul- 
fate and as organic sulfur is practically identical 
m all groups The conjugated sulfate sulfur 
averages 9 or 10 per cent m different groups of 
arthntics and 5 per cent m the control subjects 
It is this conjugated sulfate fraction which indi- 
cates the amount of sulfur combmed with phenohe 
substances such as indole* The differences m the 
excretion of conjugated sulfate sulfur shown in 
Table I may be of no importance smee the amount 
of sulfur eliminated as conjugated sulfate in nor- 
Vial indi\ iduals has been found to vary from 3 to 
15 per cent of the total urinary sulfur If these 
differences are significant, they certainly indicate 


no deficiency in the available supply of sulfur and 
no impairment in the use of sulfur for this means 
of detoxification by the arthritic patient The 
average N/S ratio vanes only slightly m the dif- 
ferent groups of subjects, we can attribute no 
significance to this slight vanation 
From the data presented in Table I the follow- 
ing significant conclusions are dra^vn 
No important difference %n the urmary sulfur 
distribution of patients zvith rheumatoid arthritis, 
hypertrophic arthritis, spondylitis rhisonieltca, and 
normal individuals exists unless it be the slightly 
higher per cent of sulfur eliminated as conjugated 
sulfate by the arthntics If this difference is sig- 
nificant, it certainly indicates no deficiency in sul- 
fur available for detoxification, and no impainnent 
in this detoxifying function in arthntics 

The effect of colloidal sulfur injected 
intravenously 

To study the effect of the intravenous and intra- 
muscular injection of colloidal sulfur, a prepara- 
tion called “ Sulisocol ” ® was used It was pre- 
pared so that one cubic centimeter contamed 10 
mgm of sulfur Our analyses of this preparation 
showed that it contained no nitrogen and no or- 
ganic material This preparation was selected in 
order that we might study the effect of injection 
of sulfur alone, without simultaneously injecting 
protein or any other substance which might affect 
the sulfur metabolism In all subjects, the col- 
loidal sulfur was mjected intravenously over a 
period of three days as follows On the first day, 
20 mgm were injected m the morning, 20 mgm 
in the evemng, on the second and third days 50 
mgm were injected both monung and evening 
Thus, according to the statement of content on the 
medicament 250 mgm of sulfur were injected 
dunng the three-day period (By our analysis it 
was found that we actually injected 260 mgm of 
sulfur ) In control subject E W one 50 mgm 
injection ^vas omitted, and he was given only 208 

Pf ^^d The medicme 

was always mjected slowly ^ 

per minute) Four controls 

subjects were studied in this 

ment was earned out twice on patients wi 

Drug ProducU 

^ Kindly supplied for this study by 
Company, Long Island City, Nc\v Yo^ 
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rhctimatoid arthntis. Fever did not occur after 
any mjcctions and no undesirable effect was 
observed 

The large amount of sulfur mjected when the 
dietary source of sulfur was low produced a defi 
mte increase m excrebon of sulfur and \vaa com 
picted m the majonty of cases within twenty four 
hours after the last day of mjeebon. The results 
of mtravenous injections of aiUoidal sulfur ap- 
pear m Table II In this and similar tables to 
follow the effect of the admmistrabon of sulfur 
13 measured by detemumng the amount of total 
sulfur and of each sulfur fraction excreted in the 
unne tn excess of the average excretxon during 
the control penods. If less sulfur was ehminated 
during the cxpcnmental penod than the average 
during the control periods the value appears as a 
negative quantity 

Examination of Table II shows that m normal 
subjects the sulfur excretion increased from 76 
to 135 per cent of the amount of sulfur injection 
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The arthntics clumnatcd from 75 to 200 per cent 
of the mjected sulfur In all but one arthntic 
(S K ) the total sulfur excretion mcrcased by 
amounts much greater than the amount of sulfur 
mjected The excess sulfur was eliminated 
chiefly as inorganic sulfate in both the controls 
and arthntics The conjugated sulfur which it 
must be remembered is the form m which sulfur 
13 e hmin ated when it is conjugated with phenohe 
substances changed insignificantly or was actually 
less than durmg control penods tn all arthnites 
except one with spondyhtis (J S ) No impor- 
tant increase in elimination of conjugated sulfur 
occurred m any of the patients with rheumatoid 
or hypertrophic arthntis In only three of the 
ten observations made on these patients was there 
any noticeable increase in conjugated sulfiir excre- 
tion and m each of these instances the increase 
was much less than that occumng m one control 
subject The average change m conjugated sul 
fur excretion m these groups of arthntics was 
negattve In only one of the three observations 
made on the two subjects with spondylitis, and 
thus m only one of a total of thirteen observations 
on arthntics, was there a greater mcrease in excre- 
tion of conjugated sulfate than occurred m the 
control subjects. It did not occur again when the 
patient was studied later 
The organic sulfur excretion did not change 
consistently There was no difference between 
the arthribes and control subjects in this sulfur 
fraction, (It should be noted that through the 
entire study greatest changes in orgamc sulfur 
excretion occurred when the excretion of conju 
gated sulfur changed m the opposite direction ) 
The foUowmg conclusions concerning the effect 
of mtravenous injection of colloidal sulfur arc 
drawn The effect of coUoidal sulfur injected tn- 
travencusiy is essentially the same tn arthnhes 
and m controls Since the sulfur excretion »«- 
creased by amounts greater than the amount in- 
jected certainly the intraveiwus administration of 
colloidal sulfur would not benefit or prevent a sul- 
fur deficiency tf one existed Since no stgmficant 
increase m conjugated sulfur excretion occurred 
except m one of the thirteen observations made 
on eight arthnites detoxification cannot be an tm 
portant benefit resulting from the injection of col 
lotdal sulfur 
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The effect of colloidal sulfur injected 
viframicsciilarly 

Intramuscular injections of the same prepara- 
tion of colloidal sulfur were given in the same 
amounts and according to the same schedule as 
in the intravenous studies The results were ob- 
served m a similar way and appear m Table III 
By our analysis it was found that we injected 270 
mgm of sulfur in the three-day period instead of 
250 mgm , which ^vas the amount injected accord- 
ing to the statement of content on the medication 
In two subjects W A (control) and D M (hy- 
pertrophic arthritis) the mediane caused moderate 
pain at the site of injection and, consequently, in- 
jections were stopped after 162 mgm had been 
given No undesirable effects were noted, fever 
did not occur Intramuscular injections were 
given to three controls and to the same arthntics 
that were formerly studied with intravenous in- 
jection of sulfur 

Examination of Table III shows that all sub- 
jects, arthntics and controls, had mcreased excre- 
tion of sulfur dunng the penod of intramuscular 
injections, m fact, an excretion even greater than 
the amount of sulfur mjected Here again, the 
excess sulfur excretion was chiefly inorgamc sui- 
table III 


The effect of colloidal sulfur injecUd intramuscularly 


Subject 

1 Added 

Sulfur excretion In eictta of averafie during 
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320 (70) 

-28 (-6) 

168 (36) 

D Me. 

270 

(100> 

192 (65) 

36 (U) 

60 (23) 

E.W.. 

ATtra^c 

270 

330 (122) 
(171) 1 

400 (121) 
(S5) 

35 (10) 

(8) 

-105 (-34) 
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265 (6S) 
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173 (45) 


fate, as was the case when colloidal sulfur was 
given intravenously In order to determine 
whether muscle destruction might account for this 
increased sulfur excretion, a non-sulfur-contaming 
fluid \vas mjected intramuscularly in one of the 
control subjects Five cubic centimeters of cal- 
cium levulmate were injected on one day and ten 
cubic centimeters on the following day No 
change m the excretion of nitrogen, total sulfur 
or any of its fractions occurred, indicating that 
muscle catabolism ^vas not responsible for the in- 
creased sulfur excretion 

When colloidal sulfur was injected intramuscu- 
larly the excretion of conjugated sulfate vaned 
slightly in different subjects, but in only one of 
the eight arthntics studied was this sulfur frac- 
tion increased by an amount greater than was ob- 
served m normal control subjects This same 
patient showed the greatest negative change in the 
excretion of conjugated sulfate when colloidal sul- 
fur was injected intravenously (see Table II) 
At no time dunng this study did this patient have 
mdoluna It should be noted further in this re- 
gard that(J S ) the patient with spondylitis, who 
was the only arthritic to excrete more conjugated 
sulfate than controls when colloidal sulfur %vas 
given intravenously (see Table II), had one of 
the greatest negative changes in this fraction of 
unnary sulfur during the intramuscular studies 
The differences in conjugated sulfate excretion in 
the case of each of these arthntics to whom atten- 
tion has been directed are unimportant No con- 
sistent change m the excretion of organic sulfur 
occurred 

From this study we conclude Without except 
tion the excretion of sulfur increased by amounts 
greater than the amount of sulfur injected intra- 
muscularly, thus tending to create rather than pre- 
vent a deficiency of sulfur With the possible ex- 
ception of one patient, no important change in the 
excretion of conjugated sulfate occurred 

The effect of colloidal sulfur given orally 

Two normal subjects and the four patienU 
with rheumatoid arthntis were given Mulfords 
** sulphocol,'^ a preparation of colloidal sulfur de- 
signed for oral use Each subject ingested six 
capsules in three equal doses dunng one day, 
vidmg 276 mgm of sulfur (our analysis) ^ 
results appear in Table IV 
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TABLE rv 

Th* $ftct of ccthidal sulfur orally 
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The sulfur cxcrctiou changed m essentially the 
same way m the arthritics and the controls The 
total sulfur excretion mcreased by amounts nearly 
equal to the amount giveru When the excess ex- 
cretion was less than the sulfur medication the 
difference can reasonably be accounted for by in- 
complete absorption and by elimination of sulfur 
by the bowel m the form of hydrogen sulfide- 
The added sulfur was ehiuinated chiefly as inor- 
gamc sulfate. In none of the subjects was there 
a significant increase m the excretion of conju 
gated sulfate or orgamc sulfur The medication 
caused no discomfort Its effect was over inside 
of twenty-four hours after administration 

From this study the following conclusions arc 
drawn Colloidal sulfur con be safely gtven orally 
When so admmistered it ts quickly eliminated al 
most entirely as tnor^onre sulfate it is not used 
for conjugaiton and excreted as ethereal siUfaie 
Colloidal sulfur is metabolised and excreted in the 
same way whether gtven intravenously intramus- 
cularly or orally thus indicating no advantage in 
Parenteral use of the drug 

The effect of sodium thiosulfate given orally 

Since elemental colloidal sulfur is eliminated m 
the unne chiefly as oxidized sulfur we wished to 
determme the effect of an morgamc sulfur- 
contammg compound given orally Sodium thio- 
sulfate was used because relatively large amounts 
of this salt can be given without producing 
diarrhea. 


The same subjects on whom the effect of oral 
colloidal sulfur \va3 studied, and also one patient 
with spondyUtis rhizomehca and two patients with 
hypertrophic arthntis were given sodium thiosul 
fate. In every case two grams of the salt were 
given m capsules m one dose after breakfast 
The sulfur mtakc ivns thus increased by 810 mgm 
Table V shows the results are sunilar m arth 
ntics and controls The excess urinary sulfur 
excretion was less than the amount given At 
first It might be thought that this represents re 
tenbon of sulfur, however the fact that the con 
trol subjects showed precisely the same results as 
all of the arthntics would indicate that this is not 
the case. The difference can very reasonably be 
accounted for by the elimination as hydrogen sul 
fide gas by the bowel also some of the salt may 
not have been absorbed. As m the case of pre- 
vious studies the excess sulfur in the unne was 
excreted almost entirely as morgamc sulfate, no 
significant change occurred m conjugated sulfate 
excretion. The effect -was completed inside of 
twenty- four hours after ingestion of the salt 
This study shows that Sulfur given orally as 
sodium thiosulfate ts quickly excreted almost en- 
tirely as inorganic sidfate by arthntics and con- 
trols and none is used for detoxification 
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The tffect of Z [rams of sodium tkiosulfaU orally 
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The effect of thymol administered orally 

Even though the excretion of sulfur dunng con- 
trol periods indicated no impairment of detoxifi- 
cation by conjugation of potential toxins with sul- 
fur, and though sulfur administered in different 
ways ^vas not used for this purpose, we wished to 
study this detoxifying mechanism further because 
of the prevalent belief that there may be a fault 
m the metabolism of sulfur which interferes with 
sulfur conjugation Figure 1 indicates the man- 
ner m which phenohe substances are combined 
with sulfunc acid and excreted Indole is re- 
garded by some investigators (16) as an impor- 
tant factor in the causation of arthntis We 
wished to determme the ability of arthntics to 
eliminate a phenolic substance quantitatively ad- 
ministered We chose thymol as the test chemical 
because it is non-toxic and can be safely given 
orally m amounts sufficient to make an adequate 
test (17) 

One-half a gram of thymol was given m cap- 
sules to three control subjects and to all of the 
arthritic patients studied This medication was 
given m one dose after breakfast If all the thy- 
mol were eliminated as ethereal sulfate, 107 mgm 
of sulfur would be required for the conjugation 
If impairment of this detoxifying mechanism ex- 
isted in any of the arthntics, the increase m excre- 
tion of conjugated sulfate dunng the penod of 
thymol administration would be significantly less 


than that of the control subjects studied in the 
same way 

The results of this investigation are shown in 
Table VI As would be expected, the total sulfur 
excretion was not importantly affected The ex- 
cretion of conjugated sulfate was significantly in- 
creased in all subjects and the inorganic sulfate 
elimination was very definitely decreased in all 
subjects Thus, it appears that thymol was con- 
jugated with sulfur that othersvise would have 
been eliminated chiefly as inorganic sulfate No 
consistent change in organic sulfur was noted It 
was disappointing to us that this test ^vas so in- 
delicate The amount of conjugated sulfate ex- 
creted varied considerably m the different sub- 
jects The wdest range ^vas noted in the control 
group In each group of arthntics the average 
conjugated sulfate excretion was increased slightly 
less than it was in the control group This is due 
to the one high value in control W A which was 
125 per cent of the theoretical total It is obvi- 
ously impossible to have more than 100 per cent 
conjugation of thymol This high value in W A 
is undoubtedly due to a basal excretion of conju- 
gated sulfate considerably greater than the average 
on the experimental day when a high percentage 
of thymol was also conjugated It is unfortunate 
that this occurred for it falsely suggests a differ- 
ence m the two groups which undoubtedly does 
not exist It IS most important to note that t 
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excretioii of conjugated sulfate by all arthnbcs 
was within the range of excretion of this fraction 
of sulfur m the control subjects. 

This study leads to the (X)aclusion. that No do- 
fiaency of sulfur available for conjugation with 
phenolic substances exists in arthritic s and no 
impotnueni of this detoxifying inechantsut is 
dent in arthnitcs 

In this connection it is interesting to note that 
the unnc collected from six of the eight arthntics 
and from two of the controls was tested daily for 
mdole, and the results were entirely negative each 
day on all subjects but one J S a patient with 
fipondyhtis who had slight traces of indole in the 
unnc on only two successive days. It la interest- 
ing that this mdoluna occurred after the patient 
had received large amounts of sulfur and actu 
ally during a test penod when colloidal sulfur was 
being injected mtravenously 


Finger nod cysime studies 

The cystine content of Snger nails of all sub- 
jects was detenmned before any sulfur prepara- 
tions were administered and at approximately 
monthly mtcrvals thereafter usually for three or 
more months The data appear m Table VII 
To better evaluate the results obtained m these 
subjects, analyses of finger nails of other persons 
were made and are tabulated uv Table VUI 

N’ormal mdrviduals arc reported by Sullivan and 
Hess (8) to have finger nail cystine of from 10 28 
to 13 02 per cent, the average value was 1169 
per cent The cystine values for normal finger 
nails reported by Klauder and Brown (18) arc 
range 105 to 13,5 per cent average 120 per 
cent By a modification of Sulhvan s method we 
obtained nail-cystine values shghtly lower m some 
normal subjects than did Sulhvan The majority 
of all arthntics studied had normal content of 
cystine in their nails using our normal values or 
Sulhvan s as the entenon. 

Examination of Table VII shows that several 
of the arthntics whose sulfur metabolism was 
studied had low finger nail cystine values Thar 
basal sulfur excretion however was no different 
from that of subjects with normal nail cystme or 
controls (see Table I) Furthermore, the sulfur 
excretion during and after the administration of 
colloid sulfur and sulfur-containing salts was no 
different m those subjects with low cystine con- 
tent of finger nails (Tables II through V) Re- 
peated examinations m all subjects showed sur- 
pnsmgly constant cj^tme values (whether the 
mitial content was low or high) and m no case 
was there a significant increase m the cystme con 
tent of the nads after the administration of large 
amounts of sulfur even m those with imtially low 
cystine content 

These data lead to the conclusion that No stg 
mficani increase occurs in the content of cystme 
in finger nails of persons treated with large 
amounts of colloidal sulfur or sulfur-coniaimng 
salts This IS further evidence that sulfur admin 
xstered in this tvay does not prevent or correct any 
deficiency of sulfur 

DISCUSSION 

One of the most mterestmg and consistent re- 
sults of our mvesbgation was that, dunng the pe- 
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Rheumatoid arthntics 
C B 


G Me 


H>pertrophic arthnucs 
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TABLE Vn 

Th^ cysitne content of the finger-Ttctls of subjects of melaholtstn study 



Spond>Iius rhizomelicas 
S G 


Sulfur administered 


Nails obtained 


mtm 


November 11, 1938 to December 2, 1938 

1503 

November 5, 1938 
December 6, 1938 
February 24, 1939 
April 5, 1939 

March 9, 1939 to March 30, 1939 

1616 

March 7, 1939 

April 13, 1939 
^^ay 17. 1939 

July 31, 1939 

October 24, 1938 to October 26, 1938 

260 

October 4, 1938 
November 21, 1938 
December 3, 1938 

April 24, 1939 to May 12, 1939 

830 

i Apnl 21. 1939 
^fay 16, 1939 

1 May 23, 1939 



Initial nail cystme range 9 81 to 11 32 per cent 


Average 10 56 


October 21/1938 to December 1, 1938 


December 27, 1938 to January 28, 1939 


February 16, 1939 to March 18, 1939 


January 4, 1939 to February 5, 1939 


October 21, 1938 
December 12, 1938 
January 12, 1939 
March 1, 1939 

December 24, 1938 
February 4, 1939 
February 27, 1939 
April 1, 1939 
May 5, 1939 
June 26, 1939 
July 17, 1939 

February 2, 1939 
February 28, 1939 
May 8, 1939 
June 7, 1939 
July 26. 1939 


January 16, 1939 
February 15, 1939 


February 15, 1939 
March 18, 1939 
October 9, 1939 



Initial nail cystme range 931toll71 per cent 


June 19, 1939 to July 9, 1939 1430 

May 9, 1939 to May 24, 1939 2130 


Average 10 47 


June 13, 1939 
July 16, 1939 


May 27, 1939 
June 29, 1939 
July 3, 1939 
October 5, 1939 


Initial nail cystme range 8 79 to 10 12 per*” cent Averag 


July 3, 1939 to July 21, 1939 1430 June 29, 1939 

July 26, 1939 
October 6, 1939 

April 6, 1939 to May 1, 1939 1090 April 2, 1939 

hlay 6. 1939 | 


Initial nail cystme range 9 31 to 10 61 per cent Average 9 96 
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nod when coUoidal sulfur ^vas injected the uri- 
nary excretion of sulfur increased by amounts 
greater than the amount of sulfur mjccted We 
cannot cxplam this. This same finding was re 
ported by Mcyer-Bisch ( 19) He thought that it 
might have resulted from tissue destruction at the 
site of the injection of the oil suspension into the 
muscle because the nitrogen excretion also in- 
creased In his patients fever occurred after the 
mjcctions possibly because of muscle destruction 
or as a direct result of the medication. In either 
case increase m protem catabohsm could account 
for the cxcesive excretion of both nitrogen and 
sulfur Fever did not occur after intramuscular 
mjcction in any of our subjects Wc observed 
the excessive excretion of sulfur with the mjec 
tion of colloidal sulfur mtravenously as well as 
mtramuscularly Also non sulfur-contammg fluid 
mjected intramuscularly caused no increase in m 
trogen or sulfur exo^etion In only one patient 
when sulfur was mjected did mtrogen excretion 


increase about parallel to the increase m sulfur 
chmmahon so that the N/S ratio defimtely de- 
creased These observations would mdicatc that 
no appreciable muscle destruction occurred m our 
subjects 

Another consistent observation was that the m 
creased excretion of sulfur, which occurred when 
the various sulfur preparations ^vcre gpven by in- 
jection or orally was chiefly in the morgamc sul 
fate fraction. Lewis (20) pomts out that this is 
the normal route of elimination of added sulfur 
Recently Greengard and Woolley (21) reported 
that colloidal sulfur fed to rabbits and to humans 
was eliminated almost entirely as morgamc sulfate. 

Our results mdicate that if it should be desir- 
able to give sulfur as medication there is certamly 
no biochemical or metabohe advantage m mjcctmg 
It either mtramuscularly or mtravenously Our 
results however, show no metabolic need for sul- 
fur adramistration. It is mtercsting to note jn 
this regard that Sentuna (6) m studying urinary 
sulfur excretion found the same and that Whecl- 
don (7) who is one of the most ardent advocates 
of colloidal sulfur therapy m arthntis, found no 
evidence of benefit from sulfur injection m his 
blood studies of sulfur and sulfur compounds 

The significance of low cystine content of 
finger nails is not clear Not all patients with 
arthntis have low nail cystmc, many have entirely 
normal values Moreover low nail cystme is not 
pecuhar to arthntis It has been observed m pa- 
tients chromcally ill with other diseases (pellagra, 
tuberculosis etc.) Malnutntion may account for 
the low values in all instances Different authors 
have reported that after mjccbng colloidal sulfur 
mto arthntics the cystine content of the nails 
increased when it had been low and frequently 
It became entirely normal Some dmioans (h) 
have stated that best results from sulfur therapy 
occur m those patients with low cystme content of 
the Comroe (22) recently stated that he 

noticed no definite correlation between improve- 
ment in the arthntis and increase in the cj^stine 
content of the nails nor could he predict on the 
basis of nail cystme which patients would benefit 
most by colloidal sulfur therapy 

There is no evidence that colloidal sulfur or in- 
orgamc sulfate introduced into the body in any 
way can be used for synthesis of sulfur-containing 
ammo aads (20) The analyses of naiU from 
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tically Significant (for P = 0 05), but certainly 
not negligible 

As an explanation of this sex difference, it oc- 
curred to us that a goodly number of the young 


TABLE III 


Sialistics conurntng the cardiac output of healthy 
young men and women 
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Num 
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1 Cardiac OQt 
put liters per 
minute per 
eq meter 
body surface 

CardJacout , 
put cc. per ' 
minute per 
lb b^y 
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minute per 
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weight 
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11 1 
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23 2 

99 

Average 



1 91 

10 2 

23 4 

11 9 

24 2 

11 2 


Sex I > I • I 

F g o 
70-84 

M efib o a 


I • I • I 

h « 

# 03^ O O 

* 
t 

• oiS oa> a 


I I t > I 
oB o 

o S 09 


F 

60*69 

M 


00 od 0 


ci BBoB.iS 


F 

50-59 

M 




o 

rfiirfl fifth 


F 

40-49 

M 


obsBs 


So 


i tiuiiuflu 0 IS 

I I 



F 

30-39 

H 

F 

20-29 

M. 

3 




liters permin. jee per mm 
per sq meter per poimd 
body surfocel body wh 


cc. per mm 
per pound 
ideal vul* 


Ficl 2. Fhequexcy Diagram 
Cardiac output per nunutt of healthy persons m terms 
of body surface, bod> ucjght, and ideal av eight, for both 
sexcb m the adult decades The vertical dotted lines 
define the normal limits which we usuaH^ employ 


women were too thin, having kept their weight 
down for the sake of their appearance Loss of 
weight does not affect the surface area propor- 
tionately so we estimated the cardiac output per 
minute in terms of the body weight, the results 
being given m Figure 2 In these data the differ- 
ence between men and women is largely ehnimated 
but the scattering is a little greater than in the pre- 
ceding senes 

Searching for causes of this scattering, we 
found that the lowest values were frequently 
obtained on subjects definitely overweight Fatty 
tissue has an extremely small blood supply so that 
the weight of such subjects might be a poor index 
of their arculatory needs Therefore, we esti- 
mated the cardiac output per minute in terms of 
‘‘ ideal weight,” a figure based on height and age 
(4) In these data the difference between the 
mean values in young men and young women re- 
appeared and the scattering was improved very 
little 

Inspection of the data of Figure 2 discloses a 
tendency for the averages to diminish with age, as 
was found by Lewis (7) and by Starr et al (5) , 
and this is especially true when ideal weight is 
employed But the differences are small, again as 
in Lewis* data, and they might be due to the acci- 
dental inclusion of elderly persons who were not 
truly normal Therefore, realizing that further 
expenence may cause us to change our policy, at 
present we prefer to use the normal limits found 
in the younger persons for the older ones as well 
If anyone prefers to employ standards based on 
body surface or ideal weight, then separate stand- 
ards for men and women should be employed and 
the normal limits may be denved from the data 
given m Figure 2 and Table III, the boundaries 
being twice the standard deviation above and be- 
low the mean At present we prefer to use the 
body weight and this is discussed below 

Studies of simpler methods as indices of cardiac 
output 

Before the cardiac output standards were com- 
piled, we had planned to identify abnormal cases 
in some simpler way We had investigated the 
possibility of employing the ballistic amplitude 
alone as an index of stroke volume and defining 
normal standards on this basis After measur- 
ing the altitude of / + / m mm for representa 
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Inc large and binall coniplcxci. A\e made the fol 
lowing calcuhtion for each case in the normal 
senes 

A 1 ^ j j XPulse rate 

Amplitude inde\=-^ — 3 

body weight 

The results showed that normal ballistic amj)h 
tude decreased witli age making it necessary to 
ha\e a different standard for eadi decade AKo 
aieragcs of the two sexes differed and the rcsidts 
liad double tlie standard de^aatlOn3 and were scat 
tered oier twice the range of the corresponding 
data of cardiac output 
We also tned anotlier index 

Square Root of Amplitude index 

_ V/+T+Za+JaX Pulse rate 
body w eight 

These results were but little better than the pre 
ceding No shortcut lias been found which gi\c3 
results on normal subjects as umfonn as those olv 
tamed when the cardiac outjmt is calculated 
Limits of Jioriiia}it\ To detect abnormal cir 
culations we emplo> standards based on cardiac 
output per beat per jiouiid of bod\ weight as 
shown m Figure 2 The iionnal range has been 
chosen so tliat the cliances are about 97 5 m 100 
tliat an^ values falling either above or below are 
abnormal From the data given in Table III we 
calculate a normal range of from 29 to 18 cc 
per minute per lb Ajipljung this limit to tlie 149 
apiiarentlv health} persons under 50 we hnd tliat 
8 of them gaie subnormal I'aliics Two of these 
were \er} plump ^oung women in the third decade 
who were 43 and 15 lbs o\er their ideal u eights 
the single man in the fourth decade was extremely 
obese weighing 275 lbs of the 3 men in the fifth 
decade 1 had once been suspected of lijqxitln roid 
jsm auotlicr wtis an arrested case of jnilmonary 
tuberculosis wlio took no exercise tlie third w’as 
40 lbs over bis ideal weight Therefore one 
could adopt the tnew tliat this limit should not be 
applied to persons ot cm eight and use the dita 
based on ideal weight for such or one could main 
tain tliat many obese persons have abnonnal arcu 
lations As the> Inv c one s} mptom cliaractenstic 
of the subnormal arculation (8) i c undue d>sp 
nca on exertion tlie latter view seems more logical 
Inspection of Figure 2 shows that the great 


majontv of health} persons over 50 }cars of age 
have maintained their arculations wathin the nor- 
mal range Of those who ore subnormal possible 
explanations ma} be ated for several one man 
m the sixth decade had recovered from an attack 
of exophtlvaluwc goiter about 10 >eaTS before an 
otlier had had mvocarditis diagnosed in the 
ami> 111 1917 But in most of the others no ex 
planation vvais obvious although we received the 
impression that the\ were less active than their 
contreres \\ hetlicr the normal limit should be 
lowered in the older group can hardJj be deaded 
without more experience 

Therefore a lower normal hunt of 18 cc per 
minute per lb bodv weight seems a reasonable 
starting point in the searcli for a useful division 
between normal and subnormal arculations 

Standards for the normal form of the 
hallistocardiogram 

In Figures 3 and 4 arc records obtained on 8 
normal persons chosen to illustrate tlie extent of 
the normal vanatxon We have obtained records 
similar to these in over 600 individuals 

The normal form can be recognized at a glance 
HI 13 always sliarp and clearly defined HI and 
IJ make aaite angles with the vertical and they 
occur in the first Iialf of sv stoic The J peak 
dominates the record 

Normal variations in systole The prominent 
vaination in amphtude accompanies the respiratory 
c}de and it is consistent wntli well known ph}sio- 
logical conceptions Dunng inspiration tlic dc 
scent of tlie diaphragm stcadil} increases the prcb 
sure m the abdomai vvlule it diminishes that in 
tlie thorax therefore as the pressure gradient m 
the veins becomes greater cardiac fiUmg increases 
and output increases also Dunng expiration tlie 
reverse takes place This respiratory venation i!» 
alvva}s conspicuous on normal records if the 
breatli is not held its absence ma> well be of 
pathological significance 

The K wave mostl} an artifact (1) vanes 
more tlian the otlicr prominent waves 
Normal variations in diastole Waves L and 
U arc prominent m most nonnaJ subjects (Fig 
lire 3 4) much less prominent m a few (Fig 
ure ZB) At the end of diastole tlierc is a npple 
m some records and H vanes with its relation to 
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thcbe vibrations In otlier records the end of dias 
tolc IS flat These differences are artifacts (1) 
WTien delnercd in pliasc the systolic impacts start 
the bod} Mbrating but ulien the last inii>act is 
out of pliasc no after nbrations appear No sig 

Fig 3 Nohmal and Abnohmal BAcusTOCAaoiocRAiis 
Redlled to ■'6 A,ctlal Suk 
The time record on the top applies to all reennU but 
b The \crtical coordinates arc the same for all records 
the upward direction indicates a mo^cI^^cnt bead\vard. 
Horizontal hues on or under records indicate the begin 
iiing of the QRS complex in a simultaneous electro- 
cardiogram. Diagonal lines point to features of interest. 
Venous pressures except when mdicatcd bclmv were well 
within norroal limits 

^ J D male age 33 haght 5 ft 7 inches \vaght 
145 lbs BP 120/70 mm Hg diagnosis uormal 
B F J nc 23 5 ft 11 152, 134/70 normal 
C E. C f 44 5 ft 124 100/65 normal 
i? C E nc, 28 5 ft 8 135 105/70 normal 
E EL. m 64 5 tt 10 145 I30/7a normal (A 
\ibration m the buildmg blurs Uie first part of the record ) 
F H F nc, 46 5 ft 146 170/110 Hypertensive 
cardiovascular disease Simultaneous EKG^ lead 1 
Kotc low amplitude, shallow I waive, low J promment 
dowaistrokc late ui sj stole late downstrokc type,” 

C C H ra., 56 6 ft 170 100/65 Boudlc branch 
bJocL Nccropfv 2 months later showed old infarct at 
apex of left ventricle. Note late dowaistrokc, sliallow 
I m left hand part a late If oa right 
MBS m.56 5 ft 6170 180/130 venous pressure 
20 Lucs hipcrtcnsion, ra congestive failure necropsy 
3 months later massive mfarct of left ventnde Note 
late M " shape the first upward hmb of the 1/ is the J 
wave 

/ L C m. 36 5 ft 8 122 120/90 Coronary occlu 
lUi 2 weeks before, recovered. Note "late jlFs” 
y C III m 64 5 ft 11 141 170/105 Severe angina 
pectons. Note split J peaks confined to part of respira 
tory cycle. 

/iJR m 56 5ft3 131 I86/1I0 EMcutial fivyicr 
tension, EKG suggests severe myocardial damage Note 
rar/i JFs the first hrab is the H wave 
L L B m. 45 5 ft 5 127 120/80 Hypemepbroron'^* 
FKG left bundle branch block Note doubling of J 
peak 

1/ M S f., 23 5 ft 10 123 102/70 Rheumatic 
heart disease Mitral stenosis Class IIB EKG shows 
extremely high P w^ves Note flattening of I wave 
valley 

NJ. A. B m. 39 5 ft 6 148 120/80 RheuraaUc 
heart disease. Class 114 MitraJ stenosis auricular fib- 
rillatioai. EKG and brachial pulse. Note diversity of 
form ui ballistic record largest amplitude after Uic 
pauses. 

N2 same patient 4 day s later Blood pressure 140/85 
uortnal sinus rhythm after quinidme. Note increased 
amplitude. 


mficaiice should be attached to differences of this 
kind 

Description of abnormal forms 
Four hundred jiatieuts have been studied in the 
searcli for abnormalities Tlic |»Tcat inajont} liad 

01 if B nt, 67 5 ft 8 197 160/110 Hyperten 
^ivc cardiovascular disease auricular fibrillation. Note 
ballistic complexes of diverse form the large deflection 
m tlic center is probably au artifact 

02 same patient 7 days later after spontaneous rc 
sumption of normal sinus rhytlim. Blood pressure 160/ 
105 Note " late 3/ shaped traemgs. 

P \V L. m. 55 5 ft 3 160 128/85 Artcnal heart 
disease, former corooan thrombosis auncular fibnllation. 
Note low amplitude and diversity of ballistic form. 

G C G f 48 5 ft 3 188, 205/128 Artenolo- 
ncphrosclcrosis Note combination of late and late 
downstrokc type of balhstocardK^ram. 

RJ W P nx, 58 5 ft 1 126 120//0 EKG and 
bottom of brachial pulse record A-unculov cntricular 
block Note effect of isolated auncular contractions on 
ballistic record and variability of Uic vcntncular com- 
plexes 

R2 Same subject reverted to normal smus rhythm. 
Note tlic surprising contrast witli the previous record 

5*JF m.,24 5ftl0 128 166/25 Rheumatic heart 
disease wide open aortic regurgitation with all penphcral 
signs Cor bonmim. Note huge amplitude and normal 
form. In this picture the film ran more rapuHv than m 
the others Distance for 1 second on scale at top equals 
0.67 seconds for this record. The vertical scale is idcnti 
cal Willi tiiat of all other records m this figure, 

r P M f 58, 4 ft 8 125 210/100 Artcnolo- 
ncphrosclcrosis Gall bladd*T disease? EKG normal 
Heart size normal Note cxtrcmclv small ballistic 
amplitude. 

[/ B H f., 49 5 ft 2, 159 145/90 Angiin pectons 
myxedema. Basal metabolic rate — 39 per cait Given 
thrroKl collapsed on street 2 months after test Ne 
cropsy old infarct of antenor wall of left vcutncK tiul 
of interventricular septum coronary sclerosis 

V ML. f 48, 5 ft 9 129 115/70 Ncurocirculatory 
asthenia with attacks of paroxysmal tacliycardia now 
normal smui rliyuhm. Note low amplitude. / peak 
doubled in some complexes 

IV PH ra. 58 5 ft 6 152, 150/90 Diabetes mcl- 
htus. Angma pectoris for many years severe pam, pok 
sibly a fresh infarct 3 days before test recovered. Note 
low ballistic amplitude, form normal 

\ A- C f., aS 5 ft, 138 160/90 Diabetes mclhtus- 
Coronary occlusion 2 years before, angina since, died m 
an attack 12 months later No necropsy Note low 
araphtude 

KHR m.,46,Sft7I80 126/74 Convalescent 
pneunxMiia, bradycardia, vcntncular escape. Myocardial 
mfarct? Record obtained after givmg parednne: Note 
extraordinary diversity of form of the syrstolic complexes 
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records in tlic nonnal forms When abnormalities 
ere encountered ballistocardiograms and electro- 
cardiograms were recorded snnultaneousl) on the 
same film ’ In certam instances records of caro- 
tid or bracliial pulses obtained b^ gl}cenne tarn 
hours and Frank capsules were made simultane- 
ously In other cases tlie jugular venous pulse 
was recorded The ballistic abnormalities cncoun 
tercd ma> be classified as follows 

The late dcrinstroke t\pc Tins is cliaracter- 
ized a shallow and indefinite / wave followed 
b) a slow often fluctuating rise to / terminated 
b> a sharp dowmstrokc JK occurring late m sys- 
tole and inakiug the most prominent feature of 
tlie record Evidence lias been presented ( 1 ) tliat 
balhstocardiograins of this type are due to abnor- 
mal curves of blood velocity in the great vessels 
the maximum expulsion \ elocit) not being attained 
until late m systole, Qianges of this type liave 
been produced experimentally m dogs by asphyxia 
(0 

* Wc are indebted to Dr C C Wolferth of the Robi 
nette Foundation for the loan of an electrocardiograph 
for this purpose. 

Fic 4 Nojoiai. and Abnoioial Balustocaediocraus 
Actual Size 

The time record at the top applies to alL Vertical black 
Imca on or below the records mdicate the position of the 
beginning of the QRS complex m a simultancooi eJedro- 
cardiogram. Diagonal Imcs point to important feature* 
of the records. Venous pressures were nonnal except 
when given below 

/f A, R age 40 height 5 ft 9 mches, weight 145 lbs, 
B P 130/75 diagnosis normal, 

5 E W 63 5 ft 9 132, 100/70 ArtenosclcroUc 
heart disease. Right bundle branch conduction defect 
Note diastolic impacts greater than systolic. 

C M G 49 5 ft 6 131 100/75 Venous pressure 
15 cm, H O Rheumatic heart disease, mitral stenosis, 
tncuspid regurgitation with pulsating hver Record with 
jugular pulse Note constant diastohc downward wavx m 
a record otherwise normal 

DJ M vB 35 5 ft 2 165 198/130 Esscnual 
hjpertcnsion Note notch on jk at certain phases of 
rcspuation 

D2 Same, one week later on thiocyanate. Blood 
pressure 130/90 Diastolic wtivc much more prominent 
£J K. R. 37 5 ft 11 144 lOS/Sfl Venous pressure 
22, Constrictive pericarditis auncular fibrillation asates 
record with jugular pulse. Note low ijstohc axnphtude 
with well marked diastohc waves, 

E2 Same 2 months post operative. Blood pressure 
105/05 Venous pressure 10 Patent grcatlj unproved 


Figure 3 F and G shows examples of this tvi>e 
of abnormality m patients We Iiave encountered 
It m 12 subjects Of these 7 had In'pertensjon 
with marked cardiac enlargement 1 dymg wntlim 
a year Another patient (Figure 3 G) had suf 
fered from a coronary occlusion 2 years before 
whicli was demonstrated at necropsy 2 months 
later Another piatieut (Figure 4 G 1) a dm 
betic, showed the abnommJit) only when she was 
m severe acidosis In contrast to tliese obvnously 
sick people, the same abnonnality was found m a 
young woman witli atypical angina attacks who 
gave no objective evidence of heart disease and 
again in a man of 52 who considered Imuself 
healthy but admitted marked dyspnea on exertion 
The experience at liand suggests tliat this abnor- 
mabty mdicates serious myocardial dysfunction 
The late M shaped type In this ty'pe of 
record the first peak of the M corresponds to tlie 
J wave of tlie normal record Tlie form can be 
explained by the assumption that one side of the 
heart is strong tlie other weak tlie stronger eject 
ing blood in a normal manner produces maximum 
vcloaty early m systole while the weaker ejecting 

but atiU had auricular fibnllatioo note lucrcase m 
ampbtude. 

FI J E. 38 5 ft 7^ 163 148/70 Hyperthyroid, 
Baial metabolic rate + 35 per cent The patient could 
not keep still and her movements confuse the record, al 
though the systohe complexes can be clearly seen 

F2 same patent 2 months after partial thyroidcctoraj 
Blood pressure 130/85 Basal metabolic rate — 7 per 
ccut A strOung contrast 

GJ. E. D 58 5 ft 1 120 132/74 Diabetes rodhtus 
coming out of severe aadosis dashed and weak Note 
shallow or suppressed / wave late downstrokc tj-pc, 

G2 same, 11 dais later Blood pressure 145/90 No 
acidosis now Note marked decrease in amplitude lower 
complexes of “ early J/ type m part of rcspiratoo 0x10. 

HJ. T R. 60 5 ft 8 142 96/70, Venous pressure 
5,5 After severe hemorrhage from hemorrhoids, 

HJ same 1 hour later after transfuswa of 600 cc 
blood. Blood pressure 100/75 Venous pressure 7 0 
Note increase m araphtude. 

IJ and 2 J B 22 S ft 10 133 Normal. Before 
and during inhalation of amjl nitrite. 

/J E- C 24 5 ft 11 145 114/78, Normal smus 
arrhithmix 

J2 Same 10 minutes after 07 cc. adrcnalm S C 
Blood pressure 146/78. 

A M F 64 5 ft 4 129 160/90 Arterial heart dis 
ease, irregular heart block The diagonal Iroe* oo tlie 
record point to the effects of the diaphragmatic impacts 
caused by abnomulb violent breathmg 



446 


ISWC ST\RR VND IIt\R\ V ^CHROrDKR 


With ditficulu clots not produce the niaxmiiim 
\tlocit\ until late in stole Tluib ballistic ai\n- 
chroniMn iinphcs neither asNnichronism ot the time 
ot the cardiac 5\ stoles nor incquahu ot the out- 
put trom the two hearts This abnomiahtN has 
been produced in animal e\pLrnnents b\ damaging 
one bult ot the heart (1) 

Figure 3 //, / / and 0 2, shows t\pical 
examples of this t\pe ot abnorniaht\ m patients 
We ha\e obtained such records in 19 patients 
EIe\cn were cases ot old or recent coronare in- 
larction, 3 were protect later at necropst Fotii 
were cases of lupertension without CMclence ot 
cardiac infarction. 1 came to necropst In 3 
other cases the chiet diagnoses were arterio- 
sclerosis and anemia luetic heart disease and ht- 
pertht roidism The last case a man aged 63, 
had the abnomiahtt w ithout being acutely ill , his 
future course will be watched with interest Four 
of the 19 cases died within a }ear. and experience 
indicates that this abnormahtv is of serious import 
Tlu early 3/"^ type This t>^pe (Figure 3 K) 
has a superficial resemblance to the preceding but 
the first hmb of the M is an ele\ated H wave, 
not the J wa\e It can usuall> be distinguished 
b} the absence ot the conspicuous HI dowaistroke 
betore the 1/ in the earl} ” t}pe The normal H 
wa\e is to be attnbuted to moeement of the 
heart s mass during the pre-ejection phase of car- 
diac contraction Exaggerated H waves making 
earl} 1/ records ha\e been most frequentl} re- 
corded from cases of h}pertension In such in- 
stances it seems probable that the heart, struggling 
to eject blood against the increased resistance, 
mo\ed so as to gt\e a larger impact tlian the nor- 
mal But we ha\e also seen this abnormality in 
a tew patients without h}pertension One of 
these was a patient with a recent coronarv occlu- 
sion who subsequenth recovered Whth this ex- 
ception none of the patients showing the abnor- 
mahtv were ver\ sick and it does not seem as seri- 
ous as those discussed before 

IntirintdiatL forms The “late 3/ '^-shaped 
airve:> as m Figure 3, H and 1, represent the ex- 
tremes ot ballistic a:>v nchronism of the two ventri- 
cles and It IS to be expected that all gradations will 
be tuund Our theoretical conceptions (1) per- 
mit iIk arrangement ot the records in a sequence 
Small degrees oi asvnchroni^m v\ould be expected 
to manifest themselves as a notch or shoulder on 


Jk as shown in Figure 4, Z) / or as a llittemng 
or doubling ot the J pcik (Figure 3 L) I argei 
degrees would appear as 1/ s whose central down- 
ward hmb extends further and turther down 
(Figure 3, J and 0 2), until finalli, m the tulh 
developed late U, the central hmb crosses the base 
line (Figure 3 H and /) It is to be expected 
that records of these kinds will mdieatc increasing 
degrees of the same pathological process 

Similarlv, the late dovinstroke tvpe represents 
the extreme condition m which the blood veloeitx 
attains its maximum vei*} late in sv stole and grada- 
tions from the normal to this extreme are to be ex- 
pected If both ventricles impart to the blood a 
iinximum velocity in mid s} stole, the theoretical 
ballistic curve is characterized b\ a doubling of the 
/ viaive and a retardation of / Records ol this 
tvpe are rare in our experience but the flattened, 
slightly notched I and the retarded J found in a 
case of rheumatic mitral stenosis (Figure 3, M) 
deserve this interpretation A shallow / wave, III 
having an abnormallv obtuse angle with the verti- 
cal, is probably the first conspicuous sign of this 
abnonnality Figure 4, G / shows a record where 
the I wave is very inconspicuous 

Abnormal diastolic leaves Preceded b} a S}b- 
tolic complex of normal size, the normal diastolic 
wave IS distorted by the after-vibrations But its 
presence can be clearly recognized in most normal 
records since it causes an increase m the aftcr- 
vibrations Exceptions to this statement, such as 
Figure 3, B, are rare 

In some pathological conditions the s}stohc com- 
plexes are reduced m size and the diastohe waves 
become the most prominent feature of the record 
Such records liave been obtained most frequentl} 
when the venous pressure was elevated 

These abnormal diastolic waves are of two 
t}pes a sharp complex witli maximum impact 
teetward, as shown in Figure 4, B and C b} the 
sharp downward deflection never seen m normal 
records, and a more rounded upward wa\c, os 
shown in Figure A, D 2 and L 1, v\hich re^jemblcs 
the normal diastolic wave but, dis]jro])orlionatel\ 
large, dwarts the reduced sistolic compk\e'», 
especial!} during expiration 

It is to be presumed that these diastolic imj>att-> 
are set up b} the rush of blood filling the hc^'irt 
and It is of interest that dififerences in the manner 
of filling ma} be detected m our ballistie records 
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Six of the 8 records showing diastolic abnormaJi 
tics were obtained from patients who were sen 
ously ill wth advanced heart disease. In 1 pa- 
tient ivith hypertension (Figure 4 D2) the ab- 
nonnahty was not constant The last patient, who 
had hypertension and diabetes did not appear to 
be acutely ill 

Vanahons of form from beat to beat In most 
records the characteristic form is maintained m 
every systole The exceptions to this rule fall into 
two types 

In the first the changes conform to the respira 
toiy cycle. Figure 4 J illustrates this type M~ 
shaped complexes and mtermediate forms alter- 
nate with normal complexes in each respiratory 
Apparently when well filled this heart is 
capable of discharging blood in a normal manner 
when fillmg pressure is lowered the abnormahty 
appears. This type of record has aJivays been 
obtained from patients whose Uvea were m no im 
mediate danger but it may well indicate the bc- 
gmning of a pathological process 

In the second type, the changes of form have 
no relation to respiration In aitnaiJar fibrtlla 
tion the ballistic complexes vary greatly both in 
amplitude and in form. Often, as in Figure 3 
NJ the changes m amplitude are plainly due to 
the variations in rate the heart expelling more 
blood after the pauses which permit greater filling 
But, m addition to this, as shown m Figure 3, 0 f 
and P, complexes of various sizes and types may 
follow each other indiscriminately in auricular fib- 
nllation, giving impressive evidence of the disor 
dered cardiac action. In all other conditions m 
which the electrocardiograms have varied from 
beat to beat, the impacts have also varied from 
beat to beat somehraes producing most bizarre 
records as is shown m Figure 3 Y Extrasystoles 
may also produce ballistic records which vary 
much in form and amplitude 

The same beat to-beat variation is found m 
complete heart block Here the differences should 
be attnbuted in part to the confusion resulting 
when the auncular and \cntncular impacts arc 
superimposed, m part to variations in ventricular 
expulsion, depending on the unequal contnbutions 
made by the aunde towards its filling The fact 
that the isolated auncular beats show so clearly 
on the ballistic records (Figure 3 RJ.) is a tnbute 
to the sensitivity of our apparatus In the 4 cases 


of complete block tested, auncular deflections have 
always appeared on the ballistic record 

DISCUSSION 

In attempting to ascertain the dmical utility 
of the ballistic records tivo courses were open to 
us We first planned to proceed cmpincally, dc 
scnbmg the characteristics of the records obtamed 
on healthy persons recording the deviations from 
the normal encountered m disease, and attempting 
to explam them by the collateral evidence bcanng 
on the case, such as the autopsy findmgs x ray 
appearance, after histones etc. This is the chief 
method by winch dinical knowledge of tlie electro- 
cardiogram has been advanced But a second 
approach ^va3 available to us because the ballisbc 
record unlike the dcctncal record is directly re- 
lated to the heart s sole function the pumping of 
blood Therefore we studied the relationship 
between the ballistic record and the cardiac out- 
put a new and difficult field m which we regard 
our calculations as giving, at the best, only a crude 
approximation of the true situation (1) Never- 
theless from our mathematical solution we de- 
veloped a formula for cardiac output which gave 
results supenor to the data denved from meas 
urements of the records when both were sub- 
jected to the cmpincal test correlation with re- 
sults obtamed by another cardiac output method 
(I) In short by means of the theoretical ap- 
proach we were able to build a better cmpincal 
method. 

The results recorded m tins paper show that 
we have rqieated this expencnce for by calcu 
laling cardiac output even though our method is 
crude, we obtamed a far more compact and logical 
set of normal standartls than a simple measure 
ment of the records provided Therefore as the 
physiological approach appears more promising 
than the purely cmpincal we plan to report our 
results m physiological terras, as far as possible. 

Lt mi fat tons of the method 

Treiiuirs Tics and gross tremors ma> mm the 
record entirely In a few very toxic patients with 
hyperthyroidism the uncontrollable trembling has 
rendered the record useless m many such cases 
there is enough tremor to distort the cardiac com- 
plexes as IS shown m Figure 4, F I Emotional 
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trembling may also cause trouble, but it yields 
readilj to reassurance and attention to the patient’s 
comfort Good relaxation on the part of the sub- 
ject IS necessar}’’ to secure the best records 

Effects of abnormal respiration If the sub- 
ject’s breathing is sufficiently vigorous, the impacts 
due to the respiratory movements are so mucli 
greater than the cardiac complexes that the latter 
cannot be identified In some of these patients a 
satisfactory record can be obtained by having 
them hold their breath or at least breathe less vio- 
lently for a bnef period In the worst cases suf- 
fiaent reduction of breathing can usually be se- 
cured after a short period of voluntary hyperpnea 
Unfortunately, if the breath is held, the size of 
the ballistic complexes usually vanes with the po- 
sition of the diaphragm, bemg large if it is down, 
much smaller if it is up Compression of air m 
the lungs, if the patient closes his glottis and per- 
forms the Valsalva experiment, also influences 
the ballistic amplitude profoundly Under such 
circumstances, one must hesitate to draw conclu- 
sions concermng the cardiac output durmg natural 
breathing from records obtained when the breath 
is held or respiration voluntarily reduced How- 
ever, the form of the record has its usual sig- 
nificance and rough estimates of cardiac output 
are often possible To study severe congestive 
heart failure, special difficulties must be overcome 
If abnormal breathing is not vigorous enough to 
destroy the record, the respirator}' movements may 
produce characteristic impacts which appear on the 
record and confuse the cardiac complexes These 
are shown diagrammatically in Figure 5 and as 
the} appear on a record in Figure 4, K When 
present they must be identified or interpretation 
will suffer 



Fig 5 Diagram of the Effect of AB^oftMALLV Vio- 

LEXT BrEATBING OS THE BaLUSTIC ReCORD 
Note arching of the base line and impacts when the 
respiratory mo\emcnis change their direction 

Analysis of confused records Occasionally, 
with diaphragmatic impacts present, with systolic 
complexes \*ar}mg from beat to beat, with small 
indefimte s}5tohc wTi\es and diastolic wa\es of 
equal or greater amplitude, some records may ap- 
pear on first glance as confusion worse con- 


founded In such, interpretation is usually possi- 
ble after comparison with records obtained when 
the breath is held with the diaphragm both up and 
down Very occasionally additional evidence of 
the timing of systole, as by a simultaneous electro- 
cardiogram, or an arterial pulse record, may be 
necessary to interpret the findings These con- 
fused records have been found only m cases of 
heart disease of the most senous type and so we 
alwa}s regard them as of senous import to the 
patient 

Limitations i;x estimating cardiac output The 
formulae given on page 438 apply only to records 
in the normal form In such cases there is ample 
evidence that they have the rough accuracy char- 
acteristic of the other cardiac output methods 
For the abnormal ballistic forms other formulae 
must be employed (1) and the evidence for their 
accuracy is still meager Therefore, when tlic 
form IS abnormal, w'e seldom attempt to express 
the cardiac output in quantitative terms But re- 
calling that, m the extremes of abnormality, the 
cardiac output may be about 35 per cent larger 
than the amplitude suggests (1), we do not hesi- 
tate to express an opinion on its size in most cases 
Often the amplitude is so low that a glance re- 
veals that the cardiac output was abnormal 

The cardiac output formulae contain an estimate 
of the internal cross section of the aorta from the 
subject’s age and body surface, and errors in this 
estimate must be expected m certain pathological 
conditions Such an error makes a smaller differ- 
ence than one might suppose If the aorta or the 
pulmonary artery actually had an internal section 
area which was twice that calculated, the estimated 
cardiac output would be only about 17 per cent 
too large Abnormal aortic dilitation can be de- 
tected by x-ray examination If the subject's 
weight IS abnormal, ideal weight should be used 
in this estimation 

The cardiac output formulae also contain an 
estimate of the duration of ejection from the 
pulse rate and this holds only for normal rhythm 
It would be easy to derive a formula for cardiac 
output m which the duration of systole was esti- 
mated in a different way, as from the electro- 
cardiogram The cardiac output is a function of 
a root of the duration of ejection, so the effect of 
errors is smaller than might be supposed 

When blood regurgitates through the valves, the 
cardiac output estimated by the baUistocardiograni 
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IS the whole systohc output, not that part esti- 
mated by the gas method which contributes to 
the arculahon If the amount of the circulation 
IS to be cstunated, this is a disadvantage, if one 
IS concerned with the hearts work, it is an ad- 
vantage over the gas methods Evidence has been 
produced that the relation of the heart's work to 
Its size is of fundamental importance m evaluatmg 
myocardial function (5) 

Relation to results obtained by other cardiac 
output methods 

On comparing our normal standards with those 
obtained by other cardiac output methods it must 
be remembered that our results were obtained un- 
der slightly different conditions The average 
resting cardiac output per sq meter of body sur- 
face for our healthy subjects of both sexes from 
20 to 39 years of age was 1^1 liters For the 
men only it was 2 05 hters This compares wth 
an average value of 2^1 liters found m ymmg 
men by Grollman (6) and 223 hters found by 
the ethyl iodide method in a group of healthy per 
sons from 20 to 39 years of age. In men from 40 
to 89 years studied by Lnvis (7) by the acetylene 
method the corresponding figure by decades vaned 
only from 2.38 to 2.22 hters. Figure 2 shows 
that the mean values obtamed from the ballisto- 
cardiograms tend to be a httle lower than these 
although they are not significantly different This 
13 not surpnsmg In our method the subject 
lies relaxed on the table m all the other methods 
he must breathe through respiratory apparatus 
and m some procedures, perform respiratory gym 
nasties Such distractions may well prevent the 
degree of relaxation possible when our method i^ 
employed 

The scattering of our data about the means is 
less than that of GroUman's 50 medical students 
between 20 and 30 years of age (6) somewhat 
less m most decades than that found by Lewis 
(7) and considerably less than that found m 
healthy persons of varymg ages by ethyl iodide 

( 5 ) 

When cardiac output is estimated from the 
balhstocardiogram, experiments on the effect of 
meals, mild exercise and drugs yield results es- 
sentially similar to those obtamed by other cardiac 
output methods (9) Also m the commoner 
types of disease, our method yields results con- 
sistent with the older methods This consistency 


increases our confidence m the ballistic method. 
By its means we have discovered no generaliza- 
tions concenung cardiac output which could not 
have been antiapatcd from earher work, but to 
have the mformation available on large numbers 
of patients opens new fields of mvestigatioru 

Relation to results obtained by other methods of 

detecting cardiac dbnonnalitxes 

As a general rule, when the balhstic form is 
abnormal, either the physical examination the 
orthodiagram, the electrocardiogram, or all of 
them, demonstrate gross abnormalities also The 
discovery of a major change m balhstic form, 
when all the routine chmcal tests were negative, 
has been very rare we can ate only 4 cases. 
Mmor ballistic changes, such as flattening of peaks 
and notchmg of waves occumng only dunng ex- 
piration, have appeared a little more frequently 
when other tests are negative. On the other hand, 
normal ballistic form and amplitude m the pres 
cncc of gross cardiac abnormalities arc common 
findings giving impressive evidence of the abihty 
of the heart muscle to compensate for its disabili- 
ties Abnormally low ballistic amphtude, Indicat- 
ing a subnormal cardiac output is often found 
when no cardiac disease can be demonstrated 

Vtiliiy of the ballistocardiogram 

Prolonged expcncnce wiU be necessary before 
the final value of the ballistocardiogram can be 
fully assessed. But three promising fields of use- 
fulness can be pointed out 

The detection of circulatory abnormalities Pa 
ticnts ivith subnormal arculations have proved to 
be common m medical wards, ifany have orgamc 
heart disease but a large proportion give no evi- 
dence of cardiac abnormality (8) The distinc- 
tion between disease of the heart and disease of 
the circulation, justified by physiological reasonmg 
and dimeal experiment (5), is now possible rou- 
tinely This part of our work will be reported 
elscivhcTe. 

Changes in single individuals When the bal 
listocardiogram is used to assess changes occumng 
m one individual most of its unccrtamtics disap- 
pear Figure 4 shows changes m the arculation 
mduced m normal persons by amyl mtntc and 
adrenalm, m a case of hyperthyroidism by partial 
thyroidectomy m a case of hypertension by thio- 
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c>anate, m a case of constnctue pericarditis by 
pencardiectomj , in a case of hemorrhage by trans- 
fusion, and m a case of diabetic aadosis by re- 
QO\ery from the acidosis Figure 3 illustrates the 
effect of changes of cardiac rh>thm 
The ballistocardiogram provides an easy means 
of following the course of circulatory and cardiac 
disease and assessing the influence of treatment 
upon it We believe it will be of real value in 
the in\estigation of such problems 

The subdivision of existing groups After 
acute coronary infarction the ballistocardiograms 
of some patients give evidence of weakness of one 
side of the heart, in other cases both sides are 
equally affected In some of these patients the 
cardiac output remains within the normal range, 
m others it is greatly diminished After recovery 
from the acute episode some patients give normal 
records, others continue to show alarming ab- 
nonnahties 

Some cases with bundle branch block show 
weakness of one side of the heart as one would 
expect , others give perfectly normal ballistic 
records 

Some cases of hypertension maintain their cir- 
culations withm the normal range, usually by 
means of cardiac hypertrophy, in others the ar- 
culation IS found to be diminished so that the 
h}pertension is maintained without more cardiac 
work than normal Some of these cases exhibit 
ballistic asynchronism as if the left ventricle was 
showing the first signs of being unequal to the 
strain , others carry a high hypertension without a 
trace of this abnormality 

Other groups such as rheumatic heart disease, 
h> perth} roidism, etc , can be similarly subdivided 
It seems reasonable to expect that information 
of this kind will increase our understanding of 
such cases and that this additional insight may 
lead to improved methods of canng for them 

SUMMARY AND CONCLUSIONS 

Ballistocardiograms, i e records of the heart’s 
recoil and the blood's impacts, ha\e been obtained 
on 300 normal persons and over 400 patients 
This method requires nothmg of the subject save 
that he he on the table No special training is 
needed bv the operator and the time required is 
about the :jame as for an electrocardiogram 
The aniplit ide of the ballistocardiogram is re- 
lated to the cardiac output Normal standards 


for cardiac output have been defined by tests on 
200 healthy persons from 20 to 84 years of age 
The form of the ballistocardiogram is deter- 
mined by the changes of systolic blood velocity m 
the great vessels The normal form has been de- 
fined The common abnormalities have been de- 
scribed, their physiological interpretations set 
forth, and their clinical significance discussed 
The balhstocardiograph makes possible the 
routine estimation of the amount of the circulation 
over most, but not all, of the clinical field It also 
provides evidence concerning cardiac health or dis- 
ease of a type not obtainable by other methods 
This method seems particularly adapted to study 
the course of diseases of the heart and circulation 
in single individuals, and to assess the influence of 
therapeutic agents in such conditions 
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The occurrence of acute hemolytic anemia in 
patients recctvmg certam stilfonamide compounds 
(1) has been the subject of numerous reports 
The mechanism responsible for the development 
of the anemia is unknown However it has been 
shown by Brownlee (2) Rimmgton (3) and 
Runington and Hemmings (4) that many of the 
sulfonamide drugs derange the metabolism of pig- 
ments assoaated with blood formation and de- 
structiotL Rimmgton has emphasized the fact 
that many of these compounds are capable of 
being oxidized to hydroxylaramc and suggests that 
this oxidation product may be responsible for the 
breakdown Jof red blood cells which occasionally 
follows the administration of the sulfonamide 
group of chemicals 

During the course of administration of sulfa 
pyndine to patients with pneumonia, axnite hemo- 
lytic anemia was observed and, consequently, a 
study of the mcidence of hemolysis followng ad- 
ministration of the drug was undertaken 

It has been shown by a number of investigators 
that the estimation of the total urinary and fecal 
excretion of urobihnogcn may be used m human 
beings as an mdex of hemolysis By this tech 
mque mcreascs m the rate of hemolysis may be 
observed which might escape detection if roubne 
chnical procedures only arc used It should be 
emphasized however that the total urinary and 
fecal excretion of urobihnogcn must be deter 
mined if an mdex of the rate of blood destruebon 
is to be obtamed Esbmabon of urinary urobiU- 
nogen alone does not yield this infonnabon since 
the greater porbon of urobilinogen is normally 
excreted m the feces. Elevation of urinary uro- 
bilinogen values represents only the mcreased 
amount of pigment diverted from the feces to the 
unne, such as may occur m the presence of hepabe 
insufiiacncy or during very rapid hemolysis 
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The content of urobilmogen m the feces and 
unne varies considerably in normal pabents 
Watson has stated that occasionally a normal m- 
dividual may excrete as much as 250 ragm, of 
urobilinbgen per day m the stools Values as high 
as this were not encountered m the study of 26 
normal mdividuals made in this laboratory Total 
stool collecbons were made for 3- or 9-day penods 
and the urobilmogen output was found to vary 
from 75 mgm, to 150 mgm, a day The urobili- 
nogen cxcrcbon m the unne vaned from 0 0 mgm 
to less than 2 mgm a day These figures are m 
close agreement with those of Watson 
The present study deals pnmanly with the total 
urinary and fecal cxcrcbon of urobilmogen by 26 
pabents with pneumonia of whom 20 were treated 
with sulfapyndme. The remammg 6 patients did 
not receive this drug 

METHODS 

Estimation of urobilmogen tn stools and unne The 
Watson Terwen method (5) was used for the estima- 
tion of nnnary and fecal urobilmogen. Stool* and urine 
were collected over 3-day penods and kept m the icebox. 
Detennmatjon of the urobilmogen content was performed 
on the day following each 3-day penod. Most of the 
patients were given milk of magnesia to ensure a daily 
defecation and occasionally tap water enemata %vcrc used. 
Diarrhea was not present in any instance. 

Hematological studies These studies were made on 
oxalated venous blood except m the case of itamcd films 
where capillary blood was used. Hcraoglobm was esb 
mated by the Sahli method. Red cell rohnne* were 
measured m Wlntrobe tube*. The rcticulocytei were 
counted m preparationi stained supravitally with bnl 
liant cresyl blue and counter* tamed with Wrights stain. 

Lwer function tests. Liver function studies were made 
m several patients by mean* of the bilirubin retenbon test 
of Harrop and Barron (6) and the sodium bcnxoate ex 
crebon test described by Quick (7) 

Unitary studies In addition to frequent routine uri- 
nalysc* m a number of mstances dctermiiiatiQn* of kidney 
funebon were made by the urea clearance test of MjiUcr 
Macintosh and Van Slyke (8) 

Sulfapyrtdtne detenninatwu The sulfapyndme level* 
m blood and unne were estimated by a modifiauloo of 
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TABLE I 


Exaction of urobtltnogcn tn 26 palunts wUh pneumonia, 20 of whom received sulfapyndine 


Com 

num 

1 

Ace 

1 

1 

Sex 

1 

j 

Etiolofical xcent 

SuUapyridinc 

UrobiUnocci) 

Comment 

Total 

dos 

ace 

Dura 

tion 

of 

treat 

rocot 

Blood level 
dorinc 
therapy 

Highest 1 
excretion 
per day 

Dura ! 
tion 
oi 

In 

creased 

cxcrc 

tion 

High Aver 
cit age 

Fcccx 

Urine 




— ~ — X 

crama 

dcyi 

rngm pcTCcni 

1 mxm 

mtm 

1 days 

i 


GROUP l 


1 

63 

M 

Pneumococcus Type XXV 

m 

m 

n 

■I 

127 

07 


2 

24 

F 

Undetermined 





64 

0 61 


3 

39 

F 

Undetermined 





62 

22 


4 

22 

F 

Undetermined 





166 

33 


5 

29 

M 

Undetermined 





134 

07 


6 

20 

M 

Pneumococcus Type VIII 

■ 

■ 

■ 

■ 

70 

1 

1 07 



GROUP II 


7 

44 

F 

Pneumococcus Type I 

8 

57 

M 

B friedlandeni 

9 

58 

M 

H influenzae 

10 

5 

M 

Pneumococcus Type I 

11 

57 

M 

Pneumococcus Type III 

12 

66 

F 

Pneumococcus Type III 

13 

75 

M 

Pneumococcus Type HI 

14 

52 

F 

Pneumococcus Type IV 

15 

72 

F 

Pneumococcus Type VII 

16 

73 

F 

Pneumococcus Type VI 

17 

65 

F 

Pneumococcus Type III 

18 

15 

M 

Pneumococcus Type VII 


17 0 

3 ' 

11 1 

m 

80 

1 3 

27 0 1 

7 1 

10 4 

Mi 

206 

1 6 

18 0 1 

4 1 

22! 

1 7 

208 1 

36 

11 5 

5 

7 1 

m 

85 ' 

0 75 

22 0 1 

6 

1 

m 


1 1 

45 

2 


■ 


06 

13 0 

4 

82 



14 

22 5 

5 

49 



24 

10 0 

3 

43 

Bl 

83 

1 1 

80 

4 

42 

4 1 


1 0 

14 0 

4 

46 

3 1 

127 

I 3 

18 5 

1 4 

' 31 

I 27 

56 

1 I 


Coarctation of aorta 
Bronchiectasis 

Diabetes meUitus, cmp>ema H 
influenzae 

Pulmonary tuberculosis 
Auricular fibrillation, acute 
glossitis 

Received Type III rabbit scrum 
Chronic alconolism 

Received Type VI rabbit serum 
Received Type III rabbit scrum 


GROUP III 


19 

52 

M 

Pneumococcus Type III j 

78 0 

B 

19 6 

110 

891 

1 

40 

14 

1 

Acute hemolytic anemia, re 
ceived Type III rabbit scrum, 





1 







alcoholism 

20 

36 

Kl 

Pneumococcus Type II 


BB 

■rH 

58 

561 

0 99i 

10 

Acute hemolytic anemia 

21 

59 

bI 

Pneumococcus Type VI 


Bfl 


30 

272 

0 42 

3 


22 

32 

Bl 

Undetermined 




49 

585 

11 5 

20 

Empyema, died 2 months later 

23 

41 

El 

Non hemolytic strepto- 


BB 

BH 


385 

62 

16 




coccus 








of brain abscesses 

24 

52 

F 

Pneumococcus Type IX 

24 0 

8 


3 7 

452 

1 6 


1 Acute glossitis 

25 

IS 

M 

Pneumococcus Type I 

20 0 


Hwl 

46 

418 

2 7 


Received Type III rabbit scrum 

26 

26 

F 

Pneumococcus Type III 

25 0 


12 6 

95 

400 

05 










Acute azotemia, acute hemo- 
lytic anemia 





• Recei\ed 10 O^rams of sulfanilamide in addition 
Group I « Patients who did not receive sulfapyridme 

Group II « Patients receiving sulfapyridme m whom excretion of urobilinogen was not increased 
Group III “Patients receiving sulfapyridme in whom excretion of urobilinogen w^as increased 


the method used bj ilarshall and Litchfield (9) for the 
deterzmnatioQ of suhamlamidc. 

The pauents on whom the studies were made 
were admitted to the hospital unth a diagnosis of 
pneumonia. The diagnosis u’as confirmed m each 
case b} ph>sical and roentgenological examination, 


combined \vith careful studies of the sputum, 
blood, and exudates in order to determine the na- 
ture of the etiological agent 

Of the 26 patients, 18 suffered from pneumo- 
coccal pneumonia, and m 3 the disease was due 
respectively to B fyicdla^idcrii, a non-hemol}tic 
streptococcus, and Hemophilus influenzae 
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Fia 1 ExoinON or Ukobiunocin ih 26 Patokts with PirtuuoNiA, 20 or Whom Received 

SUUAPYMDINE 


In 5 patients the etiological agent was not ascer- 
tained Bactcnological examination did not re- 
veal any microorganism which was considered of 
etiological importance m this group and the serial 
passa g es of throat washings and pleural exudates 
m mice and ferrets did not produce disease * 
Selection of patients was not made except m 
the case of the first 2 mdividuals both of whom 
developed acute hemolytic anemia almost simul- 
taneously at the begmnmg of the study 

Sulfapyndine was admmistercd by mouth only 
The dose varied from case to case depending upon 
the blood level of the drug and the duration of 
acute signs and symptoms of pneumonia. 

The patients may be divided conveniently mto 


* Tbw itudies were perforated by Dr Frank L. Hon 
fall Jr, of the International Health Divulon of the 
Rockefeller Foundation- 


three groups as mdicated m Table I The data 
are represented graphically m Figure 1 

Group I Patients who did not receive sulfa 
pyndine None of the patients in Group I showed 
an excretion of urobihnogcn in the stools abervo 
166 mgm per day The highest urinary excretion 
was 3 3 mgm. Despite the presence of severe m 
feebon m 3 patients the excretion of urobilinogen 
in the feces ivas 70 mgm or less per day In 4 
of the 6 patients the etiology of the acute respira- 
tory disease was not determined despite careful 
study The other 2 had pneumococcal pneumoma- 
Group II Patients receiving sulfapyndine i;i 
whom excretion of urobthnogen was not increased 
Ten of the 12 patients in Group II had pneumo- 
coccal pneumonia. In the rcmaimng 2 the etio- 
logical agent was B fnedlandent and H influx 
enxae respectively The highest daily excretion 
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of urobilinogen in the stools \aried from 70 mgm 
to 208 mgm , the highest urmary excretion varied 
between 0 6 mgm and 3 6 mgm The total dosage 
of sulfap}ndme varied between 4 5 and 27 0 
grams, the a\erage blood levels of the free drug 
betw een 1 7 mgm per cent and 9 3 mgm per cent 
Two patients receded unconcentrated Type III 
antipneumococcai rabbit serum, and 1 concentrated 
T}pe VI antipneumococcai rabbit serum In 6 
patients other disorders complicated the pneumonic 
process 

Group III Patients receiving sulfapyndme \n 
%vho)n excretion of urobilinogen ivas increased 
Of the 8 patients included in this group, 6 suffered 
from pneumococcal pneumonia In 1 patient the 
etiological agent was not determined and m 1 
pneumonia and empyema were due to a strain of 
non-hemolytic streptococcus In the latter pa- 
tient death occurred 2 months after the present 
studies were completed and was due to multiple 
brain abscesses which developed at a tune when 
convalescence from the primary disease process 
was well established Non-hemolytic streptococci 
were recovered from the abscesses 

The highest daily excretion of urobilinogen in 
patients’ feces in Group III vaned from 272 mgm 
to S91 mgm , these levels are well above those es- 
tablished as normal The duration of increased 
urobilinogen output was from 3 to 20 days In 4 
patients the increased excretion lasted for 10, 14, 
16, and 20 days, respectively The highest uri- 
nary urobilinogen excretion varied behveen 0 42 
mgm and 115 mgm per day The total dosage 
of sulfapyndme vaned between 12 0 grams and 
81 0 grams, how^ever, the patient receiving the 
smallest dose was given 100 grams of sulfanil- 
amide m addition The average blood levels of 
free suhapyndine were between 3 0 and 110 mgm 
per cent Two patients received unconcentrated 
Type III antipneumococcai rabbit serum as com- 
plementar> treatment 

Three patients of this group developed acute 
hemolytic anemia. In 2, the total dosage of sulfa- 
pyndine was high — 780 and 8l 0 grams, respec- 
u\elv In the third patient the output of urine 
diminished sliarply the day after suhapyndine 
therapy was begum Acute azotemia occurred 
vmh the development of oliguna, and this was 
asijociaied wnih high blood levels of sulfapyTidme 
which were mamtamed tor seieral days despite 
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Fig 2, Acute Hemolytic Ahemia in Patient with 
Pneumonia Treated with Sulfapyridine 
The temperature curve, blood changes, dosage and blood 
level of sulfapyndme, and excretion of urobilmogen m 
the feces are shown, 

cessation of drug therapy This patient developed 
a mild degree of hemorrhagic Bright’s disease 
The case histones of the 3 patients who de- 
veloped acute hemolytic anemia are briefly sum- 
manzed 

CASE REPORTS 

Case 19 (Figure 2) A white male, aged 52, was ad 
mitted to the hospital 32 hours after the acute onset of 
lobar pneumonia. His past history was non-contributory 
except for the excessive use of alcohol On admission 
consolidation of the left upper Jobe was present Large 
numbers of Type III pneumococci were present ifl the 
sputum. Temperature was pulse rate 96, respira- 

tory rate 26 The leukocyte count was 1 1 900, hcmogloto 
96 per cent and the red blood cells numbered 5,060,000 
Cultures of the blood showed no growth throughout the 
disease. Administration of unconcentrated Type IH anti- 
pncumococcal rabbit serum was begun shortly after a 
missica Twenty-four hours later venesection was per- 
formed and 400 cc of blood withdrawm because of na 
pending pulmonary edema. The hemoglobin level dropp^ 
to 70 per cent following venesection. Although Type 
agglutinins were present in the patitans serum m a titcf 
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Fia i Acitte Hkuoi,ytic AHiuiA ra Patient ^VITH 
PnEUUONIA TiEATED with SUUAPYIIDINX 
The tcnipcrahirc curre, blood change* dotage and blood 
IcTcl of tulfapyndinc, and cxCTCtioa of urobilmoffcn m 
the feces are showiE 


of 1 256 the skin tc*t with the Type III polysaccharide 
remained negative. On the tecood hospital day the pnen 
monic process spread to involve the nght lower lobe. 
The leukocyte count declined to 4,900 Sulfapyndmc ad 
rnuustrarion was begun a total of 80 gram* being given 
over the succeeding 10 days The blood level of free 
salfapyndme was 19D5 mgm. per cent 48 hours after drug 
therapy was begun. The dosage of sulfapyndmc was 
reduced durmg the succeeding 8 days and on the day 
on which it was discontmucd the blood lulfapyridiDe level 
was 34 mgm. per cent Durmg the course of drug 
therapy no cidcnsion of the pneuroomc process occurred 
witbm the nght lower lobe, but mTolvement of the entire 
left lower lobe took place and necessitated continuing the 
administration of sulfapyndine. The temperature re- 
mained irregularly elevated. The leukocyte cotmt rose 
foUowmg administration of the drug 28/KX} being the 
highest count noted. No nausea or vomitmg occurred, 
cyanosis was nrimmal, and httle evidence of drug toxicity 
was apparent 

Adminutration of sulfapyndme was discontinued after 
10 day* The hemoglobin level had fallen from 70 per 


cent to 60 per cent durmg the course of treatroent The 
following day a marked increase m pallor was observed. 
Blood examination showed hemoglobm 44 per cent red 
blood cells 1,910 000 white blood cells 14,550 The pa- 
tient was transfused with 500 cc. of whole blood, Trans 
fusion was repeated 2 days later because of continued 
hemolysis. 

For the 3*day period during which the hemolytic process 
was at its height and before transfusion the daily urinary 
urobilinogen output averaged 4J) mgm. while the stool 
urobllmogen per day for the same period averaged 891.0 
mgm. Liver function was found to be withm normal 
limits as measured by the sodium benzoate excretian and 
bihrubm retention tests. The urea clearance test reflected 
normal kidney function. There was a slight ictenc tinge 
to the scicrac and the edge of the liver became palpable. 
In spite of the acute hcmolytK process the reticulocyte 
count was below 2 per cent for the first 4 day* after 
transfusion. A sharp nic to 12 per cent occurred durmg 
the succeeding 3 days, associated with a nse m bemo- 
globm to 55 per cent and of the hematocrit to 27 The 
daily urinary urobilinogen output averaged 1 4 mgm. 
fecal urobilinogen 575 mgm, per day Three days later 
the urobilinogen output m the unne had fallen to 0.37 
mgin. per day and m the feces to 251 0 mgm. daily indi- 
catmg a marked decrease In blood destruction. Comcj- 
dentally the hemoglobin level rose to 66 per cent, the 
hematoent to 29 On discharge 6 weeks later the pa 
tient I hemoglobin level was 90 per cent hematoent 35 
urobilinogen m the or me measured 0.82 mgm. daily and 
m the feces 63 mgm, daily 

Cojf 20 (Fijitrs 3) A white male, igcd 36 was ad 
mitted to the hospital 36 hours after the typical acute 
onset of lobar poeumoma. Temperature on admission 
was 104 pulse rate 120 respiratory rate 38. Moderate 
cyanosis was presenL The red blood cells numbered 4 
650 000 hemoglobin percentage was 97 and the leukocyte 
coimt was 26 000 Consol nlatioo of the left upper lobe 
was present The sputum contained large numbers of 
Type H pneumococci. Blood culture* were sterile 
throughout the iUncss, 

Treatment vnth snlfapyridine was begun 2 hours after 
admiulon and was continued for U days a total of 81 0 
grams being givca The blood level of sulfapyridinc was 
determined frequently and found to vary considerably 
The highest blood level recorded was 7.7 mgm per cent 
of the free drug on the third day of treatment, and during 
the last 4 day* the blood level vaned between 2 and 4 
mgm per cent Persutence of fever and acute signs and 
symptoms were associated with the development of a lung 
ahsrei i in the left upper lobe, which became obnous aa 
the surrounding acute pneumonic process resolvei 

On the sixth day of drug therapy a fine mamlar *km 
rash appeared. This was riyi fined mainly to the trunk 
and upper extremities and did not cause itching The 
rash gradually faded and was not noted after the eleventh 
day 

During the course of treatment a moderate decline fa 
hemoglobm value* occurred, but on the eleventh day the 
patient wa* noticeably paler The hemoglobm had fallen 
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Fig. 4 Acute Hemolytic Anemia rv Patient with 
Pneumonia Theated with Sulfapybidine 
The temperature curve, blood changes, dosage and blood 
le\el of sulfap> ridine, and excretion of urobilinogen in 
the feces are shown 


to 62 per cent and the red blood count to 3,040,000 , white 
blood cells numbered 12,800, reticulocytes 3.2 per cent, 
hematocrit 29 At this time the average daily excretion 
oi urobilmogen m the stool was 560 mgm. while that m 
the urine averaged 0 99 mgm. Transfusion was not con- 
sidered neceisar> The liver was not enlarged and there 
was no impairment of hepatic function, as measured by 
sodium benzoate excretion and bilirubm retention tests 
Two weeks after the admmistration of the drug had been 
discontinued the hemoglobm level had risen to 74 per 
cent, red blood cells numbered 3,440,000, white blood cells 
10,000, reticuloc> tes 1 4 per cent, hematocrit 31 At this 
time the urobilmogen excretion in the unne was 040 
mgin. per daj , and in the feces 74 5 mgm. Convalescence 
wa:» mucli dela>ed due to the limg abscess which compli- 
cated the pneumonic process Six weeks after admission 
the blood exammation showed hemoglobm 86 per cent, 
red blood cells 4,320,000, white blood cells 10,300 and 
hematocrit 33 5 

Cosl 26 (Fipurt 4) A white female aged 25, was ad- 
mitted to the ho:>pital on the eighth day following the 
onset of T^pe III pneumococcal pneumonia. Her past 
histoo non-contributoo Consolidation of the right 
rmddle, right lower, and left upper pulmonary lobes was 
preaenL Temperature was 104JE®, pulse rate 132, rcspira- 
loo rate 40 Blocd culture^ were sterile throughout the 
illnei:» Red blood celL numbered 3.790.000, hemoglobm 
level 74 per cent, leukocjTci 21450, unnaI>SL» showed 
no abnonnaht> , blood pressure was 112 s>stohc, 66 
diaatohe. 


Twenty-five grains of sulfapyndine were given b> 
mouth durmg the first 4 days followmg admission. Nau- 
sea and vomiting occurred and were fairl> severe The 
free sulfap>ndme level m the blood was 126 nigm. per 
cent 36 hours after drug therapy was begun This was 
associated with a marked dimmution in the volume of 
urme The patient's temperature and pulse rate fell to 
normal on the day following admission and agglutinins 
for pneumococcus Type III were demonstrable m her 
blood serum. The skin reaction to the Type III polysac- 
charide was positive at this time Five days after dis- 
continuing the admmistration of sulfapyndme, the blood 
level of the free drug was 1 0 mgm per cent, and m the 
urine the level was 124 mgm. per cent, indicating debyed 
excretion The output of urme on this day was only 
300 cc. The blood urea nitrogen was 61 0 mgm per cent. 
Two days later the blood urea nitrogen level had fallen 
to 33 6 mgm per cent and kidney function was 62 per 
cent of normal, as measured by the urea clearance test 

On the eleventh hospital day, urea clearance test showed 
55 per cent of normal function, 14 grams of protein 
were excreted m the urine in 24 hours, and large numbers 
of granular casts were present Centrifuged specimens 
showed only 2 to 4 red cells per high power field. The 
blood pressure was 162/92 Edema of the face and ex 
tremities was present 

Dunng the 4 days on which sulfapyndme was given 
the urobilmogen excretion in the feces averaged 400 mgm, 
daily , m the urme 02 mgm, per day The blood examma- 
tion showed practically the same findings as on admission 
During the 3 days immediately followmg the cessation 
of drug therapy, the urobilmogen excretion in the feces 
declined to an average of 196 mgm daily, in the urme 
to 0 5 mgm. By the twelfth hospital day the red blood 
cell count had fallen to 2,000,000, with a hemoglobm of 
50 per cent, the fecal urobilmogen excretion was 132 
mgm. daily A transfusion of 500 cc. of whole uncitrated 
blood was given. Two days later the red blood cells 
numbered 3,350,000, leukocytes 20,000, and the hemoglobin 
66 per cent Urobilmogf^ excretion m the feces con- 
tmued to fall to a level of 114 mgm, daily 

Dimmution m urinary output persisted for 20 da>3 and 
was followed by a period of diuresis Four weeks after 
onset of the renal complication kidney function had risen 
to 90 per cent of normal, as measured by the urea clear- 
ance test, but the urme contmued to show a trace of al- 
bumin and a few granular casts for another month On 
discharge 4 months after admission, the urea clearance 
test showed renal function to be 96 per cent of normal, 
and urinalysis showed no abnormality Blood pressure 
was 128/78 The red blood cell count was 4800,000, 
hemoglobm 96 per cenL 

Cases 19 and 20 received large doses of sulfa- 
pyndine dunng penods of 10 and 11 days, the 
total dosage being 78 and 81 grams, respective!) 
Admimstration of the drug was prolonged in both 
instances because of the continuation of the acute 
disease, in Case 19 spread of the pneumonic con- 
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sohdabon occurred and m Case 20 the acute proc- 
ess persisted m association with the development 
of a lung abscess The blood levels of sulfapyn 
dme are of mtcrest in both of these pabents In 
Case 19 the maximum reached was 19 OS mgm of 
the free drug per 100 cc. of blood on the third 
day of treatment During the last 5 days of treat- 
ment the level declined from 12 6 mgm per cent 
to 3 4 mgrm per cent In Case 20 the highest 
blood level was 77 mgm per cent and for the last 
5 days of treatment it vaned between 4 0 and 2 0 
mgm per cent In Case 19 no signs of drug 
toxicity appeared other than acute hemoJybc ane- 
mia. Despite the large dosage of sulfapyndine 
nausea did not occur, and there was no obvious 
mcrease m cyanosis Case 20 suffered from se- 
vere nausea and vomibng dunng the whole course 
of drug therapy and between the sixth and clev 
enth days of treatment a fairly generalucd raacu 
lar skin rash was present 

Case 26 received much less sulfapyndine than 
either of the above pabents — 25 grams over a 4- 
day penod. However, abnormally high levels of 
the free drug occurred m the blood and the cx- 
crebon was delayed m association with marked 
ohguna. 

Case 19 showed the most severe anemia of the 
3 and the highest daily excrcbon of urobihnogen 
m the stools Likewise the rchculcK^e response 
ivas most marked m tins case. 

In all 3 pabents who developed anemia the 
greatest depression of heraoglobm occurred about 
the twelfth day after the mitial admmistrataon of 
sulfapyndme, regardless of dosage. The signifi 
cance of this fact is not clear 

DISCUSSION 

The widespread use of sulfapyndine m the 
treatment of pneumococcal pneumonia and other 
diseases has made a knowledge of its toxic effects 
important The purpose of this commumcabon is 
to present evidence for the occurrence of increased 
hemolysis associated with the admimstrabon of 
sulfapyndine An abnormally mercased excrcbon 
of urobihnogen was noted m 8 of the 20 pabents 
who received the dmg and 3 of this group of 8 
developed a severe degree of hemolybe anemia. 

A correlation between the mereased excrcbon 
of urobilinogen and the dosage of sulfapyndjne 
cannot be made. However, m 2 of the pabents 


who developed anemia a relatively high concentra- 
bon of the drug m the blood was nmmtaincd for 
several days, m 1 by large oral dosages of sulfa- 
pyndme and m the second because of slow excre 
bon presumably due to poor renal funebon 
The pneumonic process itself is apparently not 
responsible for mereased erythrocyte destruebom 
The 6 pabents of Group I who did not receive 
sulfapyndme and the 12 of Group II who were 
treated ivith the drug, excreted normal amounts 
of urobihnogen even though suffenng from acute 
febrile disease. However, the 8 pabents of Group 
HI who received the drug, excreted amounts of 
urobilmogen well above the limits of normal 
Two pabents m whom urobilinogen excrcbon was 
increased dunng the administration of sulfapyn- 
dine later excreted normal amounts when drvg 
therapy was discontmued even though acute feb 
rile disease persisted 

The reason for mereased hemolysis madent to 
the admimstrabon of sulfonamide compounds is 
not knoivn. It is possible that certam pabents 
vary in their susceptibihty either to the sulfon- 
amide compound itself or to one of the denvabves 
formed within the body It is Jikeivise possible 
that certain pabents may convert more of the 
sulfonamide compound mto hemolybe products 
than others or else fail to detoxify cind eliminate 
these products rapidly enough to prevent mereased 
hemolysis. 

SUMMARY 

The excrcbon of urobilmogen in feces and unne 
has been measured m 26 pabents with pneumonia, 
20 of whom received sulfapyndine 

In 18 pabents the excrcbon of urobihnogen ivas 
within normal limits Twelve pabents were 
treated ivith sulfapyndme and 6 did not receive 
the drug 

Eight pabents who received sulfapyndme ex- 
creted mereased amounts of urobilmogen Hemo- 
lytac anemia occurred m 3 of these. 
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This paper is concerned first, \vith an enquiry 
into methods of dctennining ascorbic aad m whole 
blood and blood cells, second, with the partition 
of ascorbic aad between the plasma and the 
formed elements, and third \vith the significance 
of the apparent ascorbic aad concentration of, 
respectively, the whole blood, the plasma, the red 
cells, and the white cells and platelets as an mdex 
of vitarmn C defiaency 

The rapid changes in plasma ascorbic aad con- 
centrations following the addition to or withdrawal 
of ascorbic aad from the diet (1, 2 3) render a 
single determination of the plasma level a very 
limited index of vitamm C nutrition While rela- 
tively high fasting plasma concentrations, t e val- 
ues between 0 8 and 1 4 mgm« per 100 cc,, indicate, 
according to present knowledge satisfactory nu- 
trition (4) low plasma concentrations do not pro- 
vide a reliable mdex of ather defiaency or un- 
saturation (1, 4 5) Van Eekelen Emmene and 
Wolff (6) Ncuweiler (7) and Hancmann (8) 
have presented evidence that whole blood concen 
trations, which mclude the ascorbic aad content 
of the blood cells as well as the plasma, reflect vita- 
min C nutntion to a greater extent than do plasma 
concentrabons and actually mdicate the degree of 
saturation or depletion. However failing the 
general acceptance of methods of whole blood 
analysis vanous ascorbic aad tolerance tests have 
been developed 

Determinations of the ascorbic aad content of 
whole blood, as reported m the hterature, present 
conflicting evidence concerning the analytical pro- 
cedures Stephens and Hawley (9) and Cuttle 

(10) analyzed whole blood filtrates obtained after 
trichloracetic aad preapitation. Kclhe and Zilva 

(11) van EckcIcn (12) Emmene and van Eekc- 
len (13), Borsook, Davenport Jeffreys and 
Warner (14) Bessey (15) Butler and Cushman 
(16) and Fujita Ebihara, and Numata (17) have 
found that hemolysis decreases the concentration 
of ascorbic aad m plasma and that preapitation 


of whole blood by hcraolyzing reagents such as 
tnchloracctic or ractaphospbonc aad oxidizes as- 
corbic aad and invalidates results This oxida- 
tion can be prevented by saturating the whole 
blood with CO or CO, (11, 13 16 17) Pijoan 
and Eddy (18) added a large amount of potas 
Slum cyanide to whole blood to prevent oxidation 
during aad preapitation Fncdman Rubin and 
Kees (19), Farmer and Abt (20) and Cushman 
and Butler (21) have shown that the addition 
of such amounts of cyanide may be a source of 
error Emmene and van Eekelen (22) advocated 
the treatment of such whole blood filtrates with 
mcrcunc acetate to remove non-ascorbic aad re- 
ducing substances and with H,S to recover the 
ascorbic aad reversibly oxidized to dehydroascor- 
bic aad dunng the prcapitations The validity 
of this procedure has been questioned (14 16, 23 
24 25 26) Hemcmann (8), usmg this proce- 
dure, observed that the hemolysis of red cells in- 
creased the apparent ascorbic aad concentration 
m plasma or scrum samples 
There has been httle agreement concerning the 
distnTiution of ascorbic aad between plasma and 
red cells calculated from plasma and whole blood 
analyses and hematoent dcterimnations Stephens 
and Hawley (9) found the ascorbic aad concen- 
trations of plasma and red cells from subjects 
with normal white cell counts to be approximately 
equaL Cuttle (10), and Pijoan and Eddy (18) 
found the plasma concentration to exceed those 
of the red cells, Hemcmann (8, 27) and Mirsky, 
Sivadcsh and Soskm (28) found the concentration 
m the plasma to be less than the concentration m 
the red cells Borsook Davenport Jeffreys and 
Warner (14) observed that ascorbic aad added 
to whole blood in vitro remained m the plasma 
and concluded that the red cells were nearly, if 
not absolutely impermeable to added ascorbic 
aad From in xntro and in vwo expenments 
Hemcmann (8) concluded that added ascorbic aad 
passed from the plasma into the red cells- 
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The \\ork reported here was undertaken m or- 
der to pro\nde methods of analysis of w^hole blood 
and blood cells satisfactory for clinical use It 
was hoped that the application of these methods 
might afford a more reliable index of Mtamin C 
nutrition than is given by fasting plasma le\els 
or b} whole blood levels determined by procedures 
previously used in clinical investigations The 
evidence for the validity of the methods vve have 
used and data obtained by them are presented 
The data show that the apparent ascorbic acid 
content of the whole blood and of the white cells 
and platelets may provide indices of vitamin C 
nutrition which fulfill with a fair degree of satis- 
faction the hope expressed above 

PART I 

Examimtion of methods of zvhole blood analysis 

The more commonly used indicator, 2-6 dichlo- 
rophenolindophenol, is not entirely satisfactory 
because it is reduced by thiosulfate, cysteine, and 
other substances containing the sulfhydryl group 
However, under the conditions prescribed by the 
analytical procedures, ascorbic acid reduces the dye 
more rapidl) than other known reducing sub- 
stances (24, 29) Therefore, the rate of reduc- 
tion can to some extent be used as a entenon of 
specificity For this reason Meunier (30), Mind- 
Jin and Butler (31), Evelyn, Malloy and Rosen 
(24) and Bessey (32) have suggested the use of 
the photoelectric colonmeter in the determination 
of ascorbic acid so that the rapid reduction of the 
d}e can be distinguished from a slow reduction 
Such colorimetr}% therefore, has been applied in 
the present study to the analysis of vanous 
filtrates 

In the photoelectric procedures the concentration of 
ascorbic acid in the sample solution C \v^ calculated m 
the manner prcviousb described (31), except that the 
procedure and calculation mduded, where indicated, a 
correction for turbiditj (32) 

(7 = AT (Io5^ Gs — log Ob'}- log 100 — log (7^), 
uherc C 4 is the gah'anometer reading of the unknown 
filtrate, Gb the reading of the d>c-blank solution, and Gj> 
is the reading of the d>e-unkno\vn filtrate solution after 
complete decolorizauon following the addition of a small 
cr>stal of ascorbic acid 

Photoelectnc colonmetiy has also been applied 
to the anal\:)is of filtrates b> a modification of 
Manim and Bonsignorc’s methjlene blue method 


(33) We have used this method in the anal) sis 
of whole blood for comparison with analyses in 
which indophenol is used and in the analysis of 
red blood cells where the reduction of indophenol 
by substances other than ascorbic acid makes that 
indicator unsatisfactory Under the conditions 
specified in the modified procedure, meth) lenc blue 
appears to be a more specific and sensitive indi- 
cator of reduction due to ascorbic acid than any 
other oxidation-reduction indicator Thiosulfate, 
cysteine, and glutathione do not reduce the dye 
The sensitivity of the procedure, as measured by 
change in color and galvanometer deflection, is 
about threefold that of 2-6 dichlorophenohndophc- 
nol A brief outline of the method is appended to 
this paper A fuller description with its applica- 
tion to a microprocedure will be reported later 

Using such photometry, the ascorbic acid con- 
centrations m whole blood and plasma have been 
measured in filtrates obtained by the following 
procedures 

(1) Filtrates from plasma prepared according 
to the method of Mindlin and Butler (31) 

(2) Filtrates from whole blood precipitated by 
20 per cent trichloracetic (9) or 10 per cent meta- 
phosphonc acid 

(3) Filtrates from plasma and whole blood pre- 
pared by the method of Emmene and van Eekelcn 
as desenbed by Heinemann (8) For the photo- 
electnc procedure the final dye-unknown filtrate, 
as well as the dye-blank solutions, was adjusted 
to pH 3 0 so that the dye did not fade as a result 
of the acidity (31) 

(4) Filtrates from whole blood which were satu- 
rated with CO, precipitated with metaphosphonc 
acid and filtered in an atmosphere of CO as de- 
senbed in the Appendix 

Table I gives the ascorbic acid concentrations 
m whole blood using filtrates prepared by the 
methods of Stephens and Hawley (9), of Em- 
merie and van Eekelen (8, 22), and of CO 
saturation during HPO3 precipitation From the 
plasma values m the table it is seen that whole 
blood v^ues by the trichloracetic acid precipitation 
of Stephens and Hawley do not reflect the ascorbic 
aad know n to be present in the plasma In addi- 
uon, known amounts of ascorbic acid added to the 
blood samples are not recovered after such preapi* 
tations These results support the findings of 
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TABLE I 

Appartni ascorhtc aad concmtrahcn tn wkcU hhodjcund \h 
JU traUs prepared by different methods togtiker vnih tbs plasma, 
concenlrdtions and data on the reeowy of known amounts of 
ascorbte aetd added ta wMole blood 
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* The plaBina concentradona were determined by method 
of Mindlin and Buder (31) The value* ao obtained are in 
cJoae agreement with value* obtained from plairoa filtrate* 
by the three method* Bpecified in the table. 

t When 10 per cent me ta phosphoric add ii used mitead 
of 20 per cent trichloracetic aad similar losses of ascorbic 
acid occur 

other workers referred to above (11 12 13, 14, 
IS 16 17) There is complete recovery of added 
ascorbic aad when filtrates are prepared by the 
methods of Emracne and van Eekelen and of CO 
saturation dunng HPOa preapitation Such re- 
covery however docs not prove the validity of 
either method, for it does not show that the reduc 
tion in excess of that due to added ascorbic aad 
IS a measure of ascorbic aad onginaUy present in 
the blood. The data of the table show that the 
apparent ascorbic aad concentrations obtained by 
the Emmcnc and van Eekelen procedure arc 
greater than those obtamed by the CO saturation 
procedure 

Observation of the rate of reduction m the latter 
hvo procedures provides an explanation of the dif 
ference m results In Figure 1 the rates of reduc 
tion of the dye by a pure ascorbic aad solution by 
a plasma filtrate (31) and b) whole blood filtrates 
prepared by the Emraene and van Eekelen and 
the CO saturation procedures are shown The 
reduong capaaty expressed as mgm of ascorbic 
aad cqmvaicnts per 100 cc of solution plasma or 
blood IS plotted against tune in seconds The 
rate of reduction of the dye by ascorbic aad varies 



Fio. 1 Rati op Reductiok of Indophinol bv As 
coiflic Acid Soldtion Plasma Filtrate, and Whole 
Blood Filtrates 


• • sicorbic add solutioa 

O O plasnia filtrate. 

• • whole blood filtrate prepared by CO satura 

UOQ procedure. 

X' -X whole blood filtrate prciarcd by Enunene 

and van Eekelen procedure. 


with the aadity of the solution (24) At pH 
values less than 3 0 the aadity becomes a factor 
m decolonnng the dye (31) Therefore, the 
solutions analyzed in these experiments were ad- 
justed to pH 3 At this pH the curve for the 
pure ascorbic aad solution (Figure 1) reaches 
Its haght at 15 seconds and that time mterval has 
been chosen for estimating the apparent ascorbic 
aad concentrations m these experiments The 
plasma curve (Figure 1) is similar to that of pure 
ascorbic aad. Curves on plasma filtrates obtained 
by the Mindlm and Butler the CO saturation and 
the Emmcnc and van Eekelen procedures vary 
but little. On the other hand as shown in Figure 
1 curves on filtrates of whole blood prepared by 
the latter two procedures continue to nse dunng 
the 60-secoad penod, the Emmcnc and van Eeke 
Icn procedure always having a steeper slope. 
This contmued fading of the dye beyond the tmie 
mterval characteristic of ascorbic aad reduction 
suggests reduction due to some other substance or 
substances The difference m the slopes of these 
whole blood curves shows that the filtrate of the 
CO saturation procedure includes much less non- 
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Fig. 2. Rate of Reduction of Indophenol by Filtrates 
OF Whole Bu>od fbom Scorbutic Patients 

O O) filtrates prepared by CO saturation pro- 

• • j cedurc. 

O O) filtrates prepared b> Emmenc and van Eeke- 

• •j kn procedure. 

ascorbic acid reduction than does the filtrate of 
the Emmerie and van Eekelen procedure 

It has been suggested (23, 25, 26) that the 
H-S treatment of the Emmene and van Eekelen 
procedure reduces substances other than ascorbic 
aad, which then in turn reduce the indophenol 
The data of Figure 2 give further support to 
such a premise They show analyses of whole 
blood filtrates from four scorbutic patients whose 
plasmas contained no ascorbic acid The solid line 
curves represent anal}ses of filtrates obtained by 
the Emmene and \^n Eekelen procedure, whereas 
the broken line curves represent anal>ses of fil* 
trates prepared by the CO saturation procedure 
The difference faenseen the slopes of the two upper 
curves and the slopes of the two lower curves 
could hardl> be due to ascorbic aad but must 
result from substances reduced m the course of 
the Emmene and ^an Eekelen procedure 
The data oi Table II compare the apparent 


TABLE U 

Comparison of apparent ascorbic acid concentrations m 
plasma and whole blood by the indophenol and methylene blue 
procedures t before and after addition of known amounts of 
ascorbic aad 


Mgm OMcorbJc add cqUiv^UeaU 
per 100 cc 


Sample 

1 

Before addition I 

After addition of 

1 mgm ascorbic 
add per 100 cc. 

Methy- 
1 leoe blue | 

Indo- 1 
phenol 1 

Metby ^ 
lene blue j 

Indo- 

phenol 

RM 

Plasma 

mm 

08 

1 6 

17 

pi 

Plasma 


1 2 

20 

2 1 

MC 

Plasma 


1 5 

2 5 


MC 

Whole blood 

Hfl 

1 4 

23 


MC 

Whole blo^ 

1 1 s 

1 7 

24 


NT 

Whole blood 

1 1 

14 

j 26 



ascorbic acid concentrations of CO saturated 
whole blood determined by the indophenol and 
the methylene blue procedures Both procedures 
give values that are m close agreement Because 
the procedures give complete recovery of added 
ascorbic acid, it seems likely that the apparent 
ascorbic acid values obtained include the true as- 
corbic aad and are not too low Available evi- 
dence indicates that the amount of dehydroascorbic 
acid in whole blood is not significant (14, 23) 
The use of methylene blue with filtrates of whole 
blood obtained by the Emmerie and van Eekelen 
procedure is not altogether satisfactory as there is 
a continued fading of this dye also 


TABLE III 

pparent ascorbic acid content of whole blood in terms of the 
^asma, red cells and white cells-platelels, normal subjects 



Volume 
per 100 cc 
blood 

Mcia.ucorUo acid 
eqaiT&ienti per 100 co. 
by 

Calculated ijoocUe 

acid equlralenU per 

100 ce. vhoie Liood 
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ctlB 
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celU 
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fa 
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red 
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by 

ed^ 

tioa 

10 
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2j 

3 
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5 


1 A3 


06 

OB 

04* 
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04 

0 47 

015* 

015 

(03) 

2 F 

4i5 

OB 

U) 

ao* 

32 

13 

037 

037 

035 

(13) 

3 B 

43.1 

0.4 

U 

04 

38 

LI 

052 

035 

0.15 

to 

4 M.a 

41.5 

07 

u 

07 

35 

14 

037 

030 

035 

L4 

3 ILCt 

6 MCt 

410 

03 

u 

1 1 

35 

1 0 

0,70 

a45 

0.18 

13 

403 

03 

L4 

1 4 

35 

L5 

043 

037 

ai8 

14 

7 B.M. 

8 R.M.: 
tt HJLt 

10 EALt 

514 

51B 

07 

[ 

03 

23 

13 

U 

07 

14 

13 

34 

LI 

IS 

14 

15 

039 
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0 91 
033 

035 

031 

077 

031 

034 

LO 

30 

IS 

13 


* Calculated from plasma, whole blood, and hematocrit 
\Tilues, 

t On a diet high m ascorbic acid See text 
XA saturation tei,t following 700 mgm ascotbic actu 
See text 
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Though satisfactory cntcna for the validity of 
whole blood ascorbic aad analyses are lacking the 
data presented demonstrate that prcapitation of 
whole blood by the CO saturation procedure out- 
Imcd here is not accompanied by loss of ascorbic 
acid by oxidation and that filtrates obtamed by 
this procedure contam less mtcrfenng reducmg 
substances than filtrates obtamed by the Emmenc 
and van Eckeleu procedure. 

Therefore, the whole blood and red blood cclb 
analyses presented m the follow mg sections have 
been earned out on filtrates obtamed by the CO 
saturation procedure. 

PART n 

Whole blood ascorbic acid parittion betiveen the 
plasma the red cells and the white 
cells and platelets 

Table lU shows the mgtn. of apparent ascorbic 
acid per 100 cc. of plasma, of red cells, of white 
ceils and platelets ^ and of whole blood determmed 
by direct analyses in samples of blood from nor- 
mal subjects The plasma and white cell plus 
platelet analyses were made according to the proce 
dure of Mmdhn and Butler (31) the whole blood 
analyses by the mdophenol or methylene blue 
procedure apphed to filtrates obtamed by CO satu 
ration and raetaphosphonc aad preapitabon, and 
the red cell analyses by the methylene blue proce 
dure apphed to filtrates similarly obtamed Ac- 
tually the concentrations m the white cells plus 
platelets were determined per 100 grams of cells 
However for convenience of tabulation and with- 
out significant error the results arc recorded as 
per 100 cc. From the concent rations m the three 
phases and the volumes of red cells and of white 
bycr per 100 cc. of whole blood the mgm of 
apparent ascorbic aad m the plasma the red cells, 
and the white cells plus platelets m 100 cc, of 
whole blood were calculated and are given in the 
table Finally the sum of these values is given 


1 By rmcrotcoplc examination the apper pore white 
portioQ o! the white layer consuts of platelets with a fe^v 
white cells while the lower huffy pcartion comists largely 
of white cells with soaie platelets and a few red cells 
(35 b) Analyses of these Uvo portions, however have 
given withm the error of the method the same reduction 
or a pparen t ascorbic acid cooccntraUcm. 


for compansou with the whole blood content 
found by direct analysis 

By comparing the concentrations of apparent 
ascorbic aad m the plasma and red cells m Tables 
III and IV it IS seen that the ratio of plasma 
ascorbic aad concentration to red cell ascorbic aad 
concentration vanes from 2 6 to 03 The first 
sample from Subject M C Table III, was taken 
m the mid morning after a vitamin C-frec break- 
fast when on a routine diet without added ascorbic 
aad. The second and third samples were taken 
at similar times after one weck*s daily mgesHon 
of 250 mgra and 500 ragin. respectively of as- 
corbic aad The ascorbic aad concentrations of 
the red blood cells rose from 0^ to 1 4 mgm per 
100 cc. as the mgeshon of ascorbic aad increased, 
while the plasma and the white cell platelet as- 
corbic aad concentrations showed no significant 
change The first sample of blood from Subject 
R. M was a fasting speamcn taken immediately 
before the ingestion of a single dose of 700 mgm 
of ascorbic aad. Samples were then taken 3, 7, 
and 24 hours later The plasma ascorbic aad 
concentration rose over the first 3 hours and fell 
dunng the next two penods The ascorbic aad 
concentration of the red blood cells rose less rap- 
idly the concentration at 7 hours bemg the highest 
value. The data of the tables thus show the im- 
portance of the nutntional state and the time m 
terval betiveen the ingestion of ascorbic aad and 
the taking of the blood sample in respect to the 
plasma and red blood cell ascorbic aad concentra 
tions They also show the slow penetration of 
ascorbic aad mto the red cells as reported by 
Hnnemann (8) 

Taking the average white cell platelet apparent 
ascorbic aad concentration of 34 mgm. per 100 cc. 
of white layer as a normal value (Table III) and 
taking the average volume of white layer per 1(X) 
cc of blood as 0 6 cc, the white layer accounts for 
approximately 02 mgm of ascorbic aad per 100 
CC- of blood Indeed, the amount of ascorbic aad 
that the white layer contributes to several of the 
whole blood ascorbic aad concentrations of Table 
III is approximately equal to that oontnbuted by 
the red blood cells TTiat the apparent ascorbic 
aad concentration of the white layer m abnormal 
states may be the major factor m whole blood 
values IS shown m the following section 
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PART III 

The apparent ascorbic acid content of the white 
cells and platelets 

Stephens and Hawley (9) and Cuttle (10) 
observ^ed a high concentration of indophenol* 
reducing substance in the white blood cells of 
human subjects Kellie and Zilva (34) found 
that the white blood cells of guinea pigs had a 
high reduang power This increased compara- 
tively little after the intravenous administration 
of large quantities of ascorbic acid Its concen- 
tration fell when the animals were placed on a 
scorbutic diet, but there was a residual reducing 
substance or substances which could not be identi- 
fied by these authors 



Fig 3 Rate of Reduction of Indophenol by Fil- 
trates FROM MetAPHOSPHORIC AuD PRECIPITATION OF 
Normal and Leukemic White Blood Cells 


O O leukemic cells ordmate on left 

• • normal cells ordmate on right 

Figure 3 shows the time cur^^e of reduction of 
indophenol by metaphosphonc acid filtrates of the 
white layer of centrifuged blood from normal 
and leukemic subjects It will be seen that the 
cur^e corresponds to that of pure ascorbic acid 
in Figure 1 The reaction of the reducing sub- 
stance with methylene blue also corresponds to 
that of ascorbic acid Because neither plasma nor 
white cell-platelet filtrates give delayed reduction, 
such reduction b> filtrates from whole blood ob- 
tained b> the CO saturation procedure must be due 
to substances withm the red cells This conclu- 
sion is further substantiated by analyses on such 
filtrates from samples of red blood cells in which, 
as already remarked, sIowl> actmg reducing sub- 
stances make anal>ses with the indophenol d>e 
un^tisfactoiy 

Table IV presents analyses of whole blood 
a:>corbic and equuTilents in terms of the plasma. 


TABLE lY 


Apparent ascorbtc acid content of whole blood in term of 
the plasma, red cells, and white cell s-plaielets from subjects on 
diets deficient in t?namin C 
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the red cells and the white cells and platelets from 
subjects receiving diets defiaent in vitamin C In 
the untreated scorbutic patients the apparent as- 
corbic acid in the white cells and platelets varied 
from 0 0 to 3 0 mgm per cent compared to a vari- 
ation m the normal individual from 25 to 38 mgm 
per cent (Table III) Following vitamin C 
therapy there was a significant nse in the reducing 
substance in the white layer and in the whole blood 
of the scorbutic patients before such a nse oc- 
curred in the plasma The data for Subject Ly 
show the return of the white layer concentration 
to a low normal value during a penod when the 
fasting concentration of the plasma rose to but 
0 1 mgm per cent One infant, not reported in 
the table, recovered from all the symptoms of 
acute scurvy and by a saturation test ^ showed fair 
saturation without the fasting plasma level pnor 
to the test going above 0 2 mgm per cent 

Subjects B1 and Cr^ were on a self-prescribed 
defiaent diet The data show the fall m plasma 
concentrations to very low levels before there was 
an appreoable drop in the white cell- platelet con- 
centrations The fall in the apparent ascorbic 
acid content of the red cells with the drop m 
plasma concentration resulted m a decrease in the 


2 Performed by Dr IL L. Mxndlm 
^The samples of blood from these two subjects were 
provided through the kindness and cooperation of r 
John Crandon 




PISXaiBUTION OF BLOOD ASCORBIC ACID 


465 


whole blood level independent of and earlier than 
the decrease m white cell platelet concentration 
At the end of 12 weeks on the defiaent diet the 
apparent ascorbic aad concentration of subject 
Cr’s white blood cells plus platelets had fallen to 
3 mgm per 100 grams of white layer Though 
the subject felt below par, no definite signs of 
scurvy had appeared 

Infants G and Ccr had no ascorbic acid in the 
plasma and 21 and 12 mgm per cent, respectively 
in the white layer of centrifuged blood Eadi had 
a dietary history suggesting vitamin C defiacncy 
but, as might be expected from the preceding data, 
neither presented any roentgenological or clinical 
signs of scurvy 

These findings indicate that the whole blood and 
the white layer of centnfuged blood of subjects 
whose vitamm C nutrition is relatively poor may 
contain measurable amounts of apparent ascorbic 
aad after the plasma level has become zero 
Thtrefore, the apparent ascorbic aad content of 
the whole blood or of the white blood cells plus 
platelets of individuals not suffering from infec- 
tion or leukemia provides an index of vitamin C 
dejiaency that extends beyond the himfr defued 
by plasma values Because the white cell platelet 
concentration is less dependent upon fluctuations 
m plasma concentration than is the whole blood 
content the former appears to be the best mdex 
of physiologically significant defiacncy On the 
other hand it is dear from the data of Tables III 
and IV that white cell platdct analyses will not 
provide maximal mformahon concerning the satu 
ration of subjects whose vitamm C nutntion is 
relatively good because high white cell platelet 
concentrations are found early m the recovery 
from and late m the development of defiacncy 
and therefore are constantly high m relatively wdl 
nourished subjects. In this sense the data sup- 
port Hemcmann s conclusion that high concentra- 
tions m both cells and serum seem to be tlie pbc 
nomena in blood which really charactcruc satura- 
tion m the strictest sense 

Although the milhgrams of ascorbic aad m the 
white cells and platelets per 100 cc. of whole blood 
are proportional m each patient with the vitamin 
C nutntion these values are not so dearly m 
formative as the white cell platdct ascorbic aad 
concentrations Further data from subjects with 


TABLE V 

Apparent ascorbte aad conitni of lohcU blood m terns of 
tk* plasma, red ceils ojui whtie cells plalelets from paUents 
wUh Jeukei^ 



infection and shifting white cell and platdet counts 
should provide information on this point 
Stephens and Hawley (9), Cuttle (10), and 
Butler and Cushman ( 16) have reported high con- 
centrations of an mdophenol reducing substance m 
leukemic white cells The rate of reduction of 
mdophenol (Figure 3) and the reduction of 
methylene blue by the reduemg substance of the 
white layer is similar to that of ascorbic aad 
Table V presents examples of the high reduang 
capanty of the white layer of centnfuged blood 
from leukemic patients. From the plasma, white 
layer and whole blood values it is seen that the 
rdation between the ascorbic aad concentrations 
of the plasma and the apparent ascorbic aad con 
centrabon of these leukemic cells is very different 
from that m normal subjects The white ccll- 
platclet values exceed the maximum normal values 
even though the plasma levels are low It is of 
mterest that the reduang power of the white layer 
of the last three patients of Table V mcreased 
ivith an increase m vitamm C mtake. However 
though the relative reduemg power of Icukctmc 
cells and platelets may be proportional to tlic vita 
mm C mtake thar absolute reduang capaaty does 
not reflect vitamm C nutntion as do the values 
reported m Table IV It is for this reason that 
an exception has been made of leukemic subjects 
when concludmg that the apparent ascorbic aad 
concentration of white cells plus platelets is an 
index of defiacncy A subsequent paper wll 
deal with the identity of the reduang substance or 
substances found in the blood of leukemic subjects. 
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SUMMARY 

Errors imolved in the determination of the as- 
corbic acid concentration of whole blood are 
discussed 

Procedures for the analysis of the ascorbic acid 
content of red blood cells, white blood cells plus 
platelets, and i\hole blood are descnbed 

Because the reducing power of the white cells 
plus platelets vanes from an average normal of 
34 mgm of ascorbic acid equivalents per 100 
grams of white layer to a level of approximately 
0 0 in scorbutic subjects, we conclude that this 
reducing substance is ascorbic acid or some sub- 
stance metabohcally associated wth it 

The data show that ascorbic acid passes from 
the plasma to the red cells and that the distribution 
ratio of the plasma concentration to apparent red 
cell concentration vanes with the state of vitamin 
C nuti^hon 

They show that the apparent ascorbic acid con- 
centrations of the white cells plus platelets and of 
the whole blood of individuals not suffering from 
infection or leukemia provide mdices of vitamin 
C deficiency which extend beyond the limit of the 
^index furnished by fasting plasma concentrations 
‘ They suggest that the apparent ascorbic acid con- 
centration of the white cells plus platelets of such 
indniduals is the best index of physiologically sig- 
nificant deficiency They also indicate that the 
apparent ascorbic acid content of red blood cells 
or of whole blood is a better index of saturation, 
as differentiated from unsaturation or deficiency, 
than plasma or white cell-platelet concentrations 

The occurrence of very high concentrations of 
an ascorbic acid-like reducing substance in the 
white la>er of centrifuged blood from leukemic 
patients is confirmed 

appendix 

1 CO saturation and precipitation of uhole blood 

A-dd 1 drop or caprjhc alcohol to 2 cc. of whole blood 
and bubble CO through this for 10 minutes While the 
CO IS sull passmg through the sample, add 12 cc. of 
water and, after 5 minutes, 2 cc. of 32 per cent HPOj. 
Tlioroughb nux b> means of the bubbles oi CO for 30 
seconds. Then iinmediatel> dcluer the precipitated blood 
to a filter in a glass contamer through which CO is pass- 
mg and collect the filtrate. The precipitate on the filter 
paper should be bnght red. Darkening of the precipi- 
tate means loss of ascorbic and bj oxidauon. 


2 IVhiie blood ccU-plaUUi analysis 

Twelve to 15 cc of whole blood arc collected m a 
flask containing ammonium and potassium oxalate as dc 
scribed by Wmtrobc (35) Determine the hematocrit on 

0 5 cc of the oxalated blood Depending upon the hema- 
tocrit, 10 or 12 cc. of blood are transferred to a centri- 
fuge tube constricted near the middle to a capillary 3 
mm, diameter and 10 mm length in which the white cells 
and platelets after centrifugation will be packed abo\c 
the red cells After centrifuging an hour or more at 
high speed the plasma is pipetted off By means of a 
capillary pipette 10 to 20 milligrams of white la>cr arc 
transferred to a centrifuge tube containing 0 5 cc of 4 5 
per cent HPOj which has been weighed with the HPO| 
before addition of white cells A second weighing gives 
the weight of white cells and platelets The cells arc 
pressed with a glass rod, 1 cc of 4 5 per cent HPOi is 
added, and the contents are shaken thoroughly 

After centrifugation, pipette 0 8 cc off the supernatant 
fluid to a micro-colonmetcr cell and add 02 cc mdo- 
phcnol-acetate solution, contaimng equal parts of 5 per 
cent 2-6 dichlorophenolindophcnol and 5/3 M acetate 
buffer This gives the desired pH as descnbed by Mind 
lin and Butler (31) The galvanometer reading of this 
mixture and of a metaphosphone acid and indophcnol- 
acetate solution dye blank is recorded and the results arc 
calculated as stated in the body of this paper 

3 Methylene blue procedure 

To 4 cc of filtrate from whole blood treated by the 
CO saturation and metaphosphone acid precipitation pro 
cedurc described above are added 4 cc of a 0 5 mgm. 
per cent buffered methylene blue solution This buffered 
dye solution contains equal parts of I 0 mgm per cent 
methylene blue and the acetate buffer solution referred 
to (31) The resulting pH of the filtrate dye solution 
mixture should be about 4 A similar mixture containing 
no ascorbic acid is prepared for the blank dye solution 
Place the colorimeter tubes containing the unknown dye 
and blank-d>c solutions m a beaker of water and place 
this before a 500 watt electric light with reflectors fo- 
cused on the tubes in the beaker After a 1-minutc ex- 
posure, add 2 cc 0 5 N HCl to each tube, immediately 
discontmuc the illumination and mix the contents of each 
tube Using a filter that transmits light from approxi- 
mately 600 to 700 mn, take the galvanometer rcadmg m 
the photometer with the center setting adjusted to read 
100 with the dye completely decolorized. Calculate tlic 
result as described, using a K value determined by analy- 
ses of known ascorbic acid solutions 
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Previous %\ork has demonstrated that ascorbic 
aad, which has been added to defibrinated blood 
IS taken up by the cells ( 1 ) The advantages of- 
fered by the method of Mmdlm and Butler (2) 
ha\e made it possible to investigate the factors 
which mfluence the passage of ascorbic aad mto 
the cells This paper deals with the effect of 
time, temperature and oxygen 

METHODS 

Ascorbic aad m serum wis determined by the method 
of Hlodlm and Butler (2) with the following raodifica 
tkmi. 

(1) Neither potasJium oxalate nor potauiom cyanide 
was used. An anticoagulant was not neccisary became 
the blood waj defibrinated by itirrlng with a glais rod. 
The poaiible erroneous influence of added KCN has been 
demonstrated by other observers (3 4 5) as well as 
m this laboratory Furthermore, addition of oxalate, 
cyanide or any other salt seemed undesirable, since 
changes m ceil volume had to be avoided 

(2) The strength of the metaphos phone acxi solution is 
of great significance for the reliability of the colorimetric 
method With ascorbic acid a stable color develops other 
reducing substances cause progressive fading of the mdi 
cator Mmdlm and Butler pouited out, and our own 
observations agree that, with solutions of pure ascorbic 
acid the stability of the reduction of the dye depends on 
the pH of the final mixture of equal volumes of buf 
fered dye and metaphosphoric aad The dye soIuUon 
invariably gave the desired pH of 7 0 when made ac 
cordmg to the directions grvtn by the aforementioned 
authors. MetaphosphorK add soluhons, however made 
up by weight from three different brands, varied widely 
in strength and were all weaker than theory demanded 
Since it IS known that metaphosphonc acid is partially 
converted to the ortho form on standhig the strength of 
a solution can be adjusted only by standardization. The 
metaphosphoric aad was, therefore, titrated with 0 1 w 
sodium hydroxide usmg phenolphthalcm as an indicator 
In agreement with the obiervationi of Mmdlm and 
Butler, stable blanks were obtamed when the final pH of 
the dye* metaphosphoric acid mixture was kept at 4,2 to 
4J3. Thb resulted whh solutions of the add which were 
0.21 to 022 K The same normality was attained in 


^Thls work was aided by a grant from the Markk 
Foundation. 


filtrates from serum when the deprotciniiallon had been 
earned out with a solution of this aad 0.51 and 0.52 n 

(3) Procedure In most of the expenroents large 
amounts of ascorbic acid were added to the blood. Smal 
ler aliquots of serum were therefore necessary In con 
trol experiments identical results were obtaracd on fil 
trates denved from 0.5 cc^ 1* cc. or 2 cc, of scrum, 
provided proportional volumes of distilled water and 
metaphosphoric add were used In the predpitation. When 
OJ cc. was used the prcdpitate was thrown down by 
centrifuging to insure 1 cc. of filtrate for analysis. This 
was then diluted to 6 cc. with 021 n metaphosphonc add. 
Four cc. of this diluted filtrate added to an equal volume 
of the buffered dye solution were used for the colon 
metric reading ^ 

Determinations of ascorbic add on filtrates made from 
ten 0 5 cc. aliquots of the same serum gave results which 
vanfcd by not more than 2 per cent 

(4) Calculation, Repeated senes of known amounts 
of ascorbic aad in metaphosphonc add solution (021 to 
022 n) were read In the photodcctnc colorunctcr The 
concentrations of ascorbic acid ranged from 04 to 2.4 
mgm. per cent The constant K used In the equation 
C^K (log G» — log (7fc) was found to vary between 
1 010 and 1108, averaging 1059 ± 0 049 The stability 
of this constant was not studied further smee m thu 
mvestigation comparative and not absolute measurements 
of ascorbic add were contemplated. 

Ascorbic acid m whole blood was determined by the 
method of Eramene and van Eekclcn (6) as previously 
described (1) In a few instances, for purposes of com- 
parison, ascorbic add m serum was also measured by 
this method. 

Blood cell volumes were measured by the hematocrit 
method described by Elsenman, Mackenzie and Peters 

(7) 

EXPERIMENTAL RESULTS 

Crystalline ascorbic acid \vas added to human 
blood which had been defibmiatcd witli a glass 
rod In order to avoid hemolysis and changes of 
cell volume, it was not mtroduced directly mto tlie 
whole blood but was first dissolved m a portion 
of the scrum (It was demonstrated by innu 
mcrable controls that the cell volume ^vas not al- 


* Although the Evdyn colorimeter in use m this lab- 
oratory has no 8 cc. aperture, it was found that satis- 
factory readings were obtained when the 10 cc aperture 
was used. 


4t59 
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tered b> any of the expenmental procedures em- 
ployed in this in\estigation ) The defibnnated 
blood wTis then dnided mto two parts From one 
the scrum was separated at once and analyzed for 
ascorbic aad The remainder of the serum, which 
will be spoken of as ‘^separated serum,*' and the 
remaining portion of whole blood were then placed 
m stoppered Erlenmeyer flasks and kept at the 
same temperature Samples of the blood, re- 
mo\ed at interv^s, were centrifuged, and the sera 
thus secured were analyzed for ascorbic aad 
These sera will be referred to as '' true serum " — 
that is, serum which has been in contact with the 
blood cells up to the moment of analysis Por- 
tions of the separated serum w^ere analyzed at the 
same intervals This permitted a comparison of 
the behavior of serum with and without contact 
with the blood cells 

Ten studies were conducted at refrigerator tem- 
perature (approximately 7°) under atmospheres 
of both air and nitrogen, with and without shak- 


tABLE I 

Stability of ascorbic acid in dcfibrinaUd 
j:hoJc blood under various conditions 


Experiment 

Time of 

Ascorbic add in whole 

number 

incubation 

blood 


mtnuUs 

mgrru per lUer 

Air 

1 

0 

240 6 


195 

243 7 


285 

240 6 

2 

0 

219 0 


255 

219 0 


375 

215 3 


480 

220 5 

3 

30 

47 5 


180 

47 5 


360 

46 0 


540 

42 5 

4 

30 

48 8 


180 

46 3 


360 

42 5 


540 

40 0 

5 

30 

58 3 


540 

47 2 


Nitrogen 

6 0 639 

255 44 4 63 9 


ing, duplicating m e\ery respect except tempera- 
ture the expenments to be desenbed below In 
none w^as any decrease of ascorbic aad concentra- 
tion detected in either true or separated serum 
It has already been shown and new e\idcnce is 
presented that, when whole blood is allowed to 
stand at room temperature in contact with air, no 
loss of ascorbic acid can be demonstrated, e\cu 
after several hours (1) When blood was kept 
at 37° C, slight losses occurred Appreciable 
losses, however, were observed at this temperature 
when the blood was agitated continuously It was 
found that if the blood was kept under an atmos- 
phere of nitrogen these losses were entirely pre- 
vented Observations on the stability of ascorbic 
acid added to defibnnated blood under these vari- 
ous conditions are shown in Table I 



Fig 1 Conditions Influencing the Concenteation 
OF Ascorbic Acid in “ Separated" and " True Serum 
AT 37° C 

Ascorbic acid added at zero tune. Solid circles repre- 
sent separated senmi, open circles true scrum, solid lines 
mdicatc that the blood was allowed to stand without 
motion, broken Imes that it was continually agitated 
A under air, B and C under nitrogen 


7 0 63 8 

255 50 0 69 9 

Eipenments numbers I and 2 at approximatr’ 
numbers 3, 4 and 5 at 37° C , numbers 6 and 
while contmuoush shaken - 


Figure 1 A depicts the results of one typical 
jgenment out of 14 that agreed in all respects 
were kept exposed to air at 
^^'""^^sistently found that both the 
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sq»ratcd and the true scrum lost ascorbic and 
progressively but that the loss from the separated 
scrum was always less than that from the true 
scrunL To determme if these losses could be due 
to conversion of ascorbic aad to the reversibly 
oxidircd form which cannot be delected by the 
method applied, simultaneous analyses were made 
employing H^S according to the method of Em- 
mene and van Eekelem From these compansons 
It appeared that the losses m both separated and 
true sera were real ones Experiments number 
3, 4, and 5 of Table I show that ascorbic aad is 
protected in whole blood to some extent The 
losses observed m whole blood during the first 3 
hours can m no way account for the far greater 
decrease in ascorbic aad concentration takmg 
place m true scrum dunng the same period 
These experiments therefore mdicate that as- 
corbic aad has entered the cells Nather by ex- 
tending these experiments over periods as long as 
9 hours nor by determining the ascorbic aad con- 
tent m both sera at intervals as short as 15 mmutes 
was any addibonal mformation obtamed* 


TABLE II 

Effeci of mirona on Ik* siabUUy of ascorbic 
aad in scrum ai 37* C, 



The protection against loss of ascorbic aad by 
an atmosphere of mtrogen, shown before for 
whole blood was also observed m solutions of 
pure ascorbic aad m 1 per cent trichloroacetic aad, 
which detenoratc rapidly m air From the data 
presented m Table II and m Figure 1 B and C 
it IS evident that ascorbic aad in separated scrum 
13 also protected- 

While there is no appreciable loss of ascorbic 
aad from separated serum the concentration of 


ascorbic aad m true serum decreases even in an 
atmosphere of mtrogen 

The eflFcct of an atmosphere of nitrogen on the 
expcnmcntal results is Uvofold (J) it stabilizes 
ascorbic aad m separated serum, (2) the decrease 
m ascorbic aad concentration m true serum which 
was progressi\e under air, is self terrainativc 

The rate of entrance of ascorbic aad mto the 
blood cells irregular m the observations thus far 
presented, was considerably enhanced by continu- 
ously shakmg the blood This agitation was ef- 
fected m the meubator by placing the flasks on a 
rack oscillated so gently by a ivmdshield wiper 
motor that the ccHs were never mechamcally dam- 
aged In order to avoid temperature changes' 
which were found to cause fluctuations m the 
curves in the beginning of this mvcstigation the 
mtrogen was led into the incubator and was 
washed by passing through a bottle of distilled 
water From this wash bottle the gas was con- 
ducted through a mam fold to a senes of smaller 
wash bottles each of which was directly connected 
with a 25 cc. Erlcnmcycr flask containmg 2 cc of 
blood or serum- By means of control screws the 
pressure of nitrogen reaching the surface of the 
fluid in each flask could be kept approximately 
equaL Dunng the first 15 minutes the pressure 
was kept relatively high It was then partially 
reduced for the remainder of the experiment 

In Figure 1 B and C is presented evidence of 
the influence of shaking on the rate of disappear 
ance of ascorbic aad from true serum Figure 1, 
C representative of 5 such experiments shows 
that the passage of ascorbic aad into the cells is 
self tennmative, ceasing within 30 mmutes 

DISCUSSION 

At 37° C, m all the experiments presented, the 
concentration of ascorbic aad added to whole 
blood decreases m scrum which is kept m contact 
with cells (true scrum) These losses m true 
scrum are not due to reversible oxidation but must 
be attnbuted to passage of ascorbic aad from the 
scrum to the cells This entrance of ascorbic aad 


• These temperature changes possibly indicate the cause 
for unexplainable fluctuaticas observed m prevtous work 
(1 p. 757) where temperature eijuJhbntim was not ng •< 
idly cootroikd. 
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into the blood cells occurs also m an atmosphere 
of nitrogen, in which detenoration of ascorbic 
acid is prevented in whole blood as well as in sepa- 
rated serum, at 37® C, even when the blood is 
continuous!) shaken 

The fact that the transfer of ascorbic acid, es- 
tablished at 37® C, IS entirely prevented at 7® C, 
whether the blood is exposed to air or nitrogen, 
suggests its association with some metabolic ac- 
tivity or chemical reaction rather than simple dif- 
fusion In this respect it is analogous to the 
transfers of phosphate which were investigated 
b) Halpern (8) 



Fig 2 Concentration of Ascorbic Acid in “ Sep- 
arated** AND ‘‘True Sera** 

The curves represent the average of 14 experiments 
at 37** C under air, expressed as per cent of the amount 
present immediately after addition of ascorbic acid at^ero 

time. • • represents separated scrum, O O 

true scrum. 

Whether the rate of transfer and the amounts 
exchanged are different under air and nitrogen is 
as }et undecided In Figure 2 the trends of the 
curves representmg separated and true sera kept 
under air show that the rate of detenoration m 
the former is almost linear, in true serum, how- 
ever, the ascorbic acid concentrations decline faster 
than in separated serum during the first hour of 
the expenment Subsequently, the two curves 
run more or less parallel From this observation 
It seems that, under air, in addition to the amounts 
which enter the cells, a portion of the ascorbic 
aad IS de:5tro}ecL The destructive process ap- 
pears to be continuous, while the transfer is self- 
terminative just as it is under anaerobic conditions 
The detenoration and the transfer of ascorbic aad 
are both accelerated by continuous shakings m one 
tjqncal expenment after only 45 minutes the con- 
centration in true serum decreased from 106 0 
mgm per hter at zero time to 83 0 mgm per liter, 
and that m separated serum to 90 0 mgm per liter , 


the corresponding data for sera kept under nitro- 
gen were 94 0 mgm per liter and 106 5 mgm per 
hter 


The expenments under air leave no doubt that 
ascorbic aad enters the blood cells In the 5 ex- 
periments under nitrogen, of which Figure 1, C, is 


typical, and in which the concentrations ol ascorbic 
acid in serum were raised to between 100 and 120 
mgm per liter, the decrease m true serum varied 
from 11 3 to 19 2 per cent of the initial concentra- 
tion In 3 of these experiments, for which blood 
of the same person was used, the decrease varied 
from 113 to 12 1 per cent Quantitative deduc- 
tions as to absolute amounts require more data 
than are at present available In two instances 
where different amounts of ascorbic acid were 
added to samples of the same blood, the absolute 
amounts taken up by the cells diminished as serum 
concentrations decreased Estimations of the 
concentrations of ascorbic acid per unit of water 
in serum and cells indicated that at high concen- 
trations the distribution ratios (calculated as 

Ascorbic acid of serum. , , 

“7 r T — r — n — ) were greater than unity, 

Ascorbic acid of cells ^ » 

approaching unity at lower concentrations — te, 

about 35 mgm per liter of water 


SUMMARY AND CONCLUSIONS 

1 After addition of ascorbic acid to defibnnated 
human blood, its concentrations were followed in 
serum separated at once and in serum left m con- 
tact with cells 

2 At 37® C , ascorbic acid enters the blood cells 

3 This transfer is self-terminative and occurs 
under an atmosphere of air as well as of nitrogen, 
the latter preventing deterioration of ascorbic acid 
in serum and in whole blood 

4 The passage of ascorbic acid into the cells 
appears to be assoaated with some metabolic ac- 
tivity since it was never observed at lower tem- 
peratures 

5 The rate of transfer of ascorbic acid is en- 
hanced by avoiding sedimentation of the blood 
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Spontaneous hypertension in man has been di- 
vided into two mam categones — the renal and non 
renal Renal hypertension has been considered to 
arise secondarily to a kidney lesion or dcfiaency 
while the non renal (pnmary or essential) hyper- 
tension has been thought to exist without under- 
lying kidney pathology (Allbutt Huchard, Jane- 
way ated by Fishberg ( 1 ) ) 

Goldblatt (2) and others using his method, 
have produced an expenmeutal hypertension m 
dogs and monkeys by partial occlusion of the mam 
renal arteries Hyperpiesia m conjunction \vith 
mechanical obstruction to the mam renal arterial 
blood flow has been desenbwi as a clinical entity 
(3 and others) but nature^s imitation of the ex- 
perimental method is probably unusuaL When 
interference with the renal blood flow exists it is 
more usually to be found m the artcnoles glo 
raerular capillaries and peritubular blood vessels 
(as m urinary back pressure) 

Many studies have been made of the renal func 
tion m patients with essential hypertension and 
with the development of each new test more sensi- 
tive than Its predecessors the field has been rc- 
mvestigated. The charactensUc finding m the 
early stages of the hypertension at least has been 
" normal ’ kidney function as measured by the test 
under consideration However the tests have not 
been dehcate enough to give the crucial answer, 
as will be discussed below Recently Smith Gold 
ring and Chasis (4) have defined the conditions 
under which the diodrast clearance is a measure 
of the renal plasma flow at low plasma levels of 
diodrast, the renal extraction ratio is very dose to 
1 m normal man While a low diodrast dcarancc 
might be suspect on the ground that an impairment 
m renal efiiacncy could change the extraction ratio 
the dearance will always reflect the lowest possible 
volume of plasma which could have perfused the 
kidney during the dearance penod A normal 
diodrast dearance, therefore must mean a normal 


plasma (and whole blood) flow through the kid- 
neys dunng the test 

In the present report, we shall describe our 
measurements of renal blood flow m patients with 
considerable renal impairment with and without 
h 3 T)ertension, and m patients with ** essential hy- 
pertension, some of whom had toxemia of preg- 
nancy as the initial phase of the permanent hyper- 
piesia. The questions chiefly to be considered are 
whether hypertension is always accompanied by a 
decrease m the total renal blood flow, and whether 
diramished renal blood flow is alivays accorapamed 
by hypertension Some mferences will be drawn 
as to the site and nature of vascular changes m 
the kidney itself 

MATEaiAL AND METHODS 

Ten paUenU with renal impairment were drawn from 
tbc poitpartura toxemia clinic. By a ** patient with renal 
unpairmcnt wc mean one m whom the urea dearance 
li comistently below 60 per cent of average normal, re 
gardleis of the came. 

The essential hyperteniion cases are divided mto 2 
groups. The post toxenuc group of 16 patients was 
taken from tbc postpartum toxemia cUmc. Tbc other 
group of 11 subjects bad no background of toxemia. 
These latter were drawn from the wards of the Jersey 
Dty Medical Center By ^ essential hypertension ” wc 
mean the occurrence of increased blood prestmre (usu- 
ally marked) with mniimal or no proteinuria, edema or 
hematuna, and with the urea dearance consistently above 
70 per cent of average normaL Patients without a his- 
tory of toxemia of pregnancy demed such history by 
name and by symptoms In 2 cases it was possible to 
corroborate the patients denials by contact with phyil 
cians, 2 patients had never been pregnant, 1 was a man, 
and all others were at least 12 years postpartnm. 

The cffectiYc renal blood flow was calculated by divid 
mg the plasma fraction mto the plasma clearance of 
diodrast (4) This mcasurenicnt will hereinafter be 
called simply the renal blood flow All figures are 
corrected to the ideal surface area of L73 sq m. Details 
of the procedure, slightly modified from the descnptioa 
given by Smith, Goldnng and Chasu (4) have been 
outlined m previous pubhcationi (S, 6) Briefly a 10 
per cent solution of dextrose, containing 1 mi of 35 
per cent diodrast per 100 mL, is given intravenously at 
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the rate oi 10 ml per minute for 10 minutes The rate 
of iniusion is then cut down to 4 ml per minute, at 
which rate u is continued tliroughout the test About 
30 to 40 minutes after the beginning of the infusion the 
bladder is w^hed out twice with physiological saline, 
usmg a special multi opening catheter Urme collections 
are then made at intervals of about 30 minutes, the blad- 
der being washed out twice each time. Usually 4 urine 
collections are made At 45 minute intervals during the 
test, blood samples (oxalaled) are collected for analysis, 
4 samples are taken. 

Diodrast in plasma and urine was analyzed as iodine, 
using a modification of Kendall's method (5, 6) All 
determinations were done in duplicate. 

Simultaneous determinations were made of the plasma 
clearance of urea, using Van Slyke's manometnc meth- 
ods (7) The hematoents were determined in vaceme 
tubes designed b> ^hlacKay for protein estimation (7) 

RESULTS 

Since our first publication (5), we have done 
diodrast clearances on 13 additional normal 
women The renal blood flow m the senes of 30 
women ranges from 694 to 1233 ml , and averages 
S50 ml per minute per 1 73 sq m body surface 
The standard deviation is 113 ml , and the stand- 
ard error of the mean is 20 6 ml Assuming that 
60 per cent of the filtered urea is excreted in the 
final urine (m maximal urea clearances), a rough 
estimation of the glomerular filtration may be 
made from the urea clearance Dividing this es- 
timated filtration by the diodrast clearance (plasma 
flow^) will give an approximation to the filtration 
fraction (i e the proportion of the perfusing 
plasma which is filtered through the glomerular 
capillaries) In our normal series, the filtration 
fraction thus estimated vanes from 15 2 to 24 5 
per cent, and a\ erages 20 4 per cent The stand- 
ard de\ lation is 3 0 per cent, and the standard 
error of the mean is 0 65, 21 cases are analyzed 
(Two at\pical cases with \ery high urea clearances 
are not included ) All data for normal subjects 
are gi\en m Table I 

Our filtration traction for nonnal women is 
somewhat higher than Smith’s (8), which a\er- 
aged 17 7 per cent for men In this connection, it 
IS interesting to note that our a\erage plasma urea 
clearance tor women is identical with Smith's av- 
erage for men, at 70 ml per minute At the same 
time the renal blood flow in our women is con- 
sidenibl> below the le\el which Smith reports for 
men (846 ml and 1275 ml, respectnely) This 


TABLE I 

Plasma ckaranus oj diodrast and urea, urea extraction ratios, 
estimated filtration fractions, and renal blood flews in 
30 normal women 

Filtration fraction estimated from maximal urea cKar 
ance, which is assumed to be 0 60 of the glomerular 
filtration rate 


Plaaroa clearance of 

Urea 

extraction 

ratio 

Filtration 

fraction 

Rcn^il 
blood tlow 

Diodrast 

Urea 

ml per minute 

1 

ml per 
minute 

per cent 

per cent 

ml Ptr 
minute 


PREGNANT, 

, NEAR TERM 


520 i 

(91 0)* 

(11 6)* 

(29 2)* 

787 

848 1 

(138 0)* 

(112)* 

(28 9)* 

1233 

560 

642 

86 

19 1 

793 

513 

47 5 

69 

15 5 

694 

607 




886 

672 




1 995 

593 




833 

568 

82 8 

10 2 

24 2 

812 

536 

67 8 

88 

21 1 

770 

521 

50 5 

69 

16 2 

733 

619 




848 

674 

96 4 

1 99 

i 23 8 

971 

538 

70 6 

' 8 6 

' 21 9 

821 

613 

74 0 

i 80 

20 1 

925 

479 

70 4 

95 

24 5 

742 


non pregnant 


461 

49 4 

66 

17 7 

752 

531 




792 

542 

48 1 

5 7 

15 2 

851 

485 

71 0 

93 

24 4 

769 

676 1 

97 4 1 

94 

24 0 

1029 

601 

61 0 

58 

170 

1049 

554 

65 6 

72 

19 7 

918 

501 

61 3 

77 

17 3 

807 

524 

71 3 

85 

22 7 

846 

461 



738 

721 

98 0 

10 0 

22 7 

983 

493 

609 

88 

20 6 

693 

459 

45 9 

63 

16 7 

731 

525 

75 4 

93 

23 9 

811 

607 



886 

Mean 

567 

70 0 

1 

83 

20 4 

850 

ff ' 

82 5 

1 15 1 

, 1 6 

30 

113 

SEi 

1 

15 1 

1 33 

1 0 35 

1 0 65 

20 6 


• Not averaged because the blood urea was conbulcreil 
to be erroneously low, plasma urea N/N P N ratios ItiS 
than 0 28 


necessarily means that in our women the urea ex- 
traction ratio IS higher than in Smith’s men This 
IS effected by two means the filtration fraction is 
higher m women, and the hematocrit is lower 
That is, more of the woman’s blood is plasma, and 
a larger proportion of plasma is filtered at t e 
glomerulus 
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Since our findings m cases of hypertension fol- 
loving toxemia of pregnancy usually showed cer- 
tain qualitative as well as quanbtative differences 
from the results reported by Smith (8) for hyper 
tension m men we have measured the renal blood 

TABLE II 

Hyptritmum renal tmpasrmtni and renal Hood fiov 

Blood prusure readings made during tests. Filtration 
fraction approxunated from maximal urea clearance which 
Is assumed to be 0 60 of glomerular filtration Renal 
ischemia in percental represents the defiat in renal 
blood flow as compared with average normal of 850 mb 
per minute 



Po»t 1 
parttun 

Blood 

Pbuou 

dfirtnce 

oi 

Urea 

cx 

time 

tloa 

ntlo 

Fllua- 

Uon 

frtclloo 

Banal 

blood 

flow 

Renal 

lachc- 

mia 


Dio- 

dwt 

Urea 

yean 

yean 


■ir 

*u 

kr 

Ui4 

cent 

per ceni 

lal per 

mtn- 

ttU 

P*r 

CfMl 


A. mmxTXifnvcs wnaoirr htstoxv ox tomas or TKcanAMCv 


65 

N* 

210/100 

273 

54 1 

129 

33B 

420 

51 

SO 

N* 

224/108 

401 

79.6 

12.6 

33 I 

629 

26 

21 

d* 

150/110 

90t 


12 4 

32.8 

lilt 

74 

29 

6a 

240/100 

218 

594 

16,2 

45 4 

360 

57 

4.9 

25B 

180/110 

188 

34B2 

10,8 

31 + 

315 

63 

50 

t2J> 

210/110 

530 

67j6 

7A 

21J 

868 

0 

50 

22J) 

200/110 

557 

72 7 

8J 

21 7 

860 

0 

49 

20J0 

100/110 

328 

544 

11 7 

27,6 

467 

45 

47 

11 0 

204/110 

543 

n 0 

9ja 

23 6 

859 

0 

48 

17B 

2J4/1J4 

322 

49 7 

9 4 

25 7 

531 

36 

54 

19B 

230/ 145 

401 

60i) 

8 8 

253) 

685 

20 


w. BTmTXNnvxs WITH ninojrr or toxkmia or putaUMcr 



26 

oa 

90/60 

100 

343) 

8.3 

184 

413 

51 

20 

2 4 

100/60 

330 

3aj 

7J 

19 4 

495 

41 

28 

1.2 

LW/94 

184 

17 7 

04 

13 9 

279 

67 

39 

3,3 

70/50 

275 

34 7 

83) 

213) 

433 

49 

27 

ule- 
partmn 
anta* i 

100/60 

150 

2L8 

10,8 

235 

201 

76 

28 

155/100 

70 

9J 

9 7 

224 

98 

88 

partuxn 

34 

la \ 

120/80 

219 

23 1 

74 

19 1 

338 

60 

32 

3S 

120/90 

435 

303) 

5 7 

13 9 

633 

23 

23 

0 1 i 

200/130 

290 

29 4 

64 

104 

432 

49 

43 

0 1 

156/90 

3^2 

52JB j 

7J 

174 

449 

48 


• NuUimvida. 

t Left kidney only (nght kidney had undergone sympn 
tbetic denervation) 

t Standard urea clearance. 

9 High because of very high hematocrit (55 per cent) 


flow in n hypertensive patients who had no tox- 
emic pregnancy In these few cases with 3 ex 
ceptions, our data confirm Smith s findmgs As 
shown m Section A of Table II a diminished 
blood flow IS present m all but 3 cases Moreover 
the filtration fraction is charactcnstically elevated 
(though not in the subjects wth normal renal 
blood flow) Smith has explained renal ischemia 
together with a high filtration fraction on the basis 
of efferent glomerular arteriolar constnction 
As he has pomted out, this mamtenance of a high 
filtration fraction accounts for the frequent find- 
ing of “ normal ' renal function as shown by the 
usual tests even with a great defiat m the volume 
of blood perfusing the kidney 
The findings m the majonty of our post toxemic 
hypertensive patients do not conform with the 
abo\e conditions (Section B of Table II) In 
most cases there is a dimmudon in the renal blood 
flow as compared with the average normal Yet 
8 of tlie 16 values are m the normal range as 
given by the normal mean minus twice its standard 
deviation Significantly the filtration fraction is 
not mcreased (2 exceptions) In other words, 
the urea clearance parallels closely the renal blood 
flow as calculated from the diodrast clearance. In 
a few of these cases, the urea clearance (Table 
II) is subnormal, however m nearly all of these 
patients the urea clearance is usually 70 per cent 
(49 ml per minute) or more of normal 
Two of the 4 hypertensive patients showing 
absolutely no diminution in total renal blood flow 
(3 m Section A and 1 m Section B of Table II) 
had at the time of the test blood pressure read- 
mgs far lower than the usual levels observed 
The first patients pressure often exceeded 300 
mm Hg m the systolic and 150 mm Hg m the 
diastohc rcadmgs The fourth patient s pressure 
usually ran about 270/160 During the tests un 
dcr basal conditions the blood pressures in these 
women were 210/110 and 180/130 respectively 
Perhaps if the renal blood flows were mcasuri^ 
at another bme, with the higher blood pressures, 
some defiat might be found (if increased tension 
did not compensate for the narrowed artcnolcs 
and maintain normal renal blood flow) In both 
of these cases the filtration fraction was normal 
at the time of observation The blood pressures 
of the other patients were at the usual levels, even 
after bed rest of several days 
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Fig 1 The Relationship Between the Urea Cleaeavce and the Renal 

Blood Flow 


The graph is divided into 4 squares by lines representing the lower normal limits 
of urea clearance (49 ml per minute) and of the renal blood How (625 ml per minute) 
See text for explanation. 

• Normal women 

X Preeclamptic and eclamptic ^vomen (previously published (6)) 

□ Hj pertensive women 

A Women with renal impairment (3 cases published (6) ) 

Data for the previously published cases arc not presented m Table II Seventeen 
of the normal subjects formed the basis for an earlier publication (5) 


One may now ask whether diminished renal 
blood flow, when present, must cause hyperten- 
sion (We are not equating diminished renal 
blood flow with renal ischemia See Discussion ) 
As an approach to this question we ha\e measured 
the diodrast clearance in a selected group of 10 
patients with definite renal impairment, the ma- 
jont} of uhoni maintain normal blood pressures 
As stated above, the renal impairment in different 
cases IS attributable to dnerse causes For the 
moment it \viil be assumed that the diodrast clear- 
ance IS complete m these patients, and is therefore 
a measure of the renal plasma flow The observa- 
tions on these patients are shown m Section C of 
Table II In e\er) case there is a marked diminu- 
tion m the diodrast clearance and presumably, 
there tore, m the renal blood flow The filtration 
fraaion wtl:> aIwTi}S found to be m the normal 
range. In the cases showing increased blood 


pressure, the filtration fraction was normal or even 
a little low The urea clearance, therefore, closely 
parallels the diodrast clearance and renal blood 
flow over the whole range down to about 10 per 
cent of normal function 
A comparison of the urea clearance with the 
renal blood flow (calculated from the diodrast 
clearance) is plotted in Figure 1 The 70 sub- 
jects represented comprise normals, as well as pa- 
tients with toxemia of pregnancy (5, 6), post- 
toxemic hypertension, chronic nephritis, pyelo- 
nephritis, and post-toxemic renal damage As 
may be seen from the graph, the parallelism is 
good, and the urea clearance follows fairly closeI> 
the renal blood flow In quantitatue terms, the 
coeffiaent of correlation (r) between renal bl 
flow and urea clearance is 079 for all of these 
subjects (A few subjects with very high ur^ 
clearances, up to 200 per cent, had corresponding J 
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high renal blood 0ows, these are not shown m 
the graph.) 

Figure 1 has been subdivided into 4 squares by 
representing the lower limits of normal urea clear- 
ance and of renal blood flow These lower normal 
limits have been set by subtracting twice the stand 
ard deviation from the mean. The positive lines, 
onginating at zero describe the average ratio be- 
tween the urea clearance and renal blood flow 
(middle hne) and include points falling withm 
plus or nunus IS per cent of the average ratio 
(outside lines) It will be seen that m most cases 
one may predict withm IS per cent, the renal 
blood flow from the urea clearance. The graph 
might be further subdivided into 10 fields with a 
diflFcrcnt interpretation for a pomt fallrng in any 
one of these fields For the sake of brevity we 
shall consider only the 4 major squares A is the 
field of normal kidney function S represents 
dimmished renal blood flow with normal urea 
clearance (normal filtration), high filtration frac- 
tion and probable efferent glomerular artcnolar 
constnction Smith s (8) male hypertensives fall 
m this field, as do all but 3 of our hypertensive 
women who had no history of toxemia of preg- 
nancy Two cases of toxemia of pregnanor, 1 
an active cclampbc, also fall m this area- C in- 
cludes cases of renal impairment When the 
pomts fall above the upper positive hne originating 
at zero constnction of the efferent glomerular 
artenole is present and compensates in part for 
the diminution m renal blood flow Essential by 
pcrtcnsion patients with renal impairment would 
conform to the latter descnption D degenbes 
cases m which the urea clearance is dispropor 
tionatcly low as compared with the renal blood 
flow In our senes, the patients falling m this 
category were vaned- There were 4 normals pre 
sumably showmg low variations in the urea clear- 
ance, which does fluctuate widely in normal sub- 
jects There were 2 post toxemic hypertensives 
and 1 toxemia of pregnancy for which we offer 
a possible explanation m the Discussion below 
The 2 cases of ‘ renal impairment had pyelo- 
nephritis Ascending mfeebons of the urinary 
tract arc thought to permit increased back diffu- 
sion of urea through the tubular epithelium when 
mflammabon mvoivcs these structures 


DISCUSSION 

We have previously shown that the renal blood 
flow, as measured by the diodrast clearance, is 
normal during the hypertension found m the acute 
phases of the toxemias of pregnancy As shown 
by the cases desenbed above and sumniarued m 
Table II many cases of post toxemic hypertension 
fall m the normal range of renal blood flow (as 
does an occasional case of hypertension with no 
history of toxemia) When the renal blood flow 
IS diminished in these cases the decrease may per- 
haps be secondary to anatomical changes- In 
pracbcally all of this group of pabents the hyper- 
tension is known to have existed for several years 
This IS parbally indicated by the “years post- 
partum ' column m Table II All pabents had 
had hypertension for the penod indicated there 
(Scebon B), and many were known to have had 
hypertension antedabng the most recent pregnancy 
from which years postpartum is reckoned- In 
brief, the hypertension m some cases does not 
seem to depend upon a reduebon m the total vol- 
ume of blood perfusmg the kidneys (Whether 
dimmuhon m blood flow is the mechamsm by 
which Goldblatt clamps cause hypertension is an 
open quesbon- Apparently, there are no pub- 
lished data on the renal blood flow in Goldblatt 
ammals m which the arterial constnebon is just 
liminal) 

Moreover diminished renal blood flow per so 
docs not seem necessarily to result m hypertension, 
as witness the cases m Seebon C of Tabic II 
There are compheabng factors to be considered 
before drawmg this conclusion First, one may 
ask IS the renal extraction rabo for diodrast un 
changed from the normally complete extracbon? 
That 13 does the diodrast clearance really measure 
the renal plasma flow in these cases of renal im- 
pairment? We can give no defimte and direct 
answer to this quesbon- Urea is excreted wholly 
by glomerular filrtabon while diodrast is secreted 
chiefly by the tubules (at least 80 per cent by 
tubular secrebon) Yet taking all of our cases 
together over the very wide range of from 10 
to 200 per cent of average normal renal funebon, 
the clearance of diodrast and of urea is closely 
parallel This suggests a common controUmg fac- 
tor m the renal blood flow In the dog the urea 
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clearance parallels the renal blood flow, as \ ^ 
Slyke, Rhoads and Hiller (9) have demonstrated 
Furthermore, these subjects showed renal 
ment by all tests of renal function, and it 
surmised that destruction of renal substance tod 
occurred, thus necessarily reducing the blood flow 
and diodrast clearance 

Assuming a complete clearance of diodrast, the 
renal blood flow, then, would be markedly dunm- 
ished m these patients wth renal mipairment 
But IS there renal ischemia in the sense that intact 
renal parenchyma is inadequately supplied with 
blood’ Or IS the renal blood flow merely les- 
sened in proportion as renal parenchyma is de- 
stroyed, wth the remainmg tissue receiving a nor- 
mal amount of blood’ We have no answer for 
these questions In glomerulonephritis it is prob- 
able that the glomerular lesions would impede the 
flow of blood and thus partially shut off the supply 
to the tubules In the cases of post-toxemic renal 
damage, different glomerular lesions may cause 
the same thing to happen 

The glomerular lesion in toxemia of pregnancy 
has been described by Bell (10) as a thickening 
of the basement membrane m the glomerular capil- 
laries Baird and Dunn (11) have confirmed this, 
and recently Page and Cox (12) have found the 
same pathology persistmg several years until death 
from various otlier causes Possibly this thicken- 
ing of the basement membrane may explain m 
part our findings in post-toxemic hypertensives 
These findings include (I) renal ischemia when 
present, (2) the parallelism of the urea clearance 
(and glomerular filtration) with the renal blood 
flow, and (a) the not uncommon tendency of some 
of these patients to maintain for years a constant 
low le\el of renal function 


^ sin ’ 

where p is the pressure decrement in the length 
(/) of the tube, the radius of which is r ij i» 
the coefficient of viscosity The factors t, 8/ and 
t are, of course, constant Assuming for the mo- 
ment that p and n also constant, a diminution 
of 10 per cent m the capillary diameter would dc 
crease the blood flow by 35 per cent The el 
fective viscosity (tj) must be increased, which 
would reduce still more the blood flow While 
Fihraeus and Lindqvist (13) have shown that 
the coefficient of viscosity for blood decrea^ 
when the diameter of the tube falls below 03 
mm , their data are not applicable to kW Jow 
m capillanes where the diameter of tlie red blood 
corpuscles so closely approaches the diameter of 
the vessel that smoothly moving concentnc lajers 
cannot be formed with the cells in the axial stream 
(14) The narrowing of the capillaries may, per 
haps, be partially offset by a greater pres^ 
decrement When the compensation is not co 
plete, a decrease in blood flow would result 
shall return to this factor presently 
Thus any appreciable narrowing of 
Jes ly L P«d to d.n.m,sh the - 
blood crculafon This would accoun ^ 
renal ischemia, when ischemia is 

the ischemia does not ^ ^ glomcr«- 

sociated with, constnction of the ett J ^ 
lar arteriole, intra-glomerular P^ ^ 

markedly increased, the filtration 
normal, and the glomerular ^ "pwo 

clearance) vanes with the ren o 
of our 14 post-toxemic hypertensw . 

fil.rat.o„ fracLons, but 


Since about one-f ourth of the cardiac output h 3 ^ertensives , ^ U ts 

perfuses the kidneys, which constitute less than ^ for the third 

0 5 per cent of the body weight, the resistance plained on the basis of the i ggction^ B 

here to blood flow must be relatively shght If membrane, most of the patients 

the glomerular capillanes were even slightly nar- Q of Table II, as well as 

rowed b> the thickened basement membrane, the m this study, have been followe 

resistance to perfusion w^ould be mcreased. and m that time the renal function 

the total \olume of fluid flow lessened The mini- not changed at all, or patients’ ^ 

mum effect of such luminal narrowing of the capil- provement This has been o 

lanes may be approximated from PoiseuiUe’s law urea clearances as ^ jgvel 

which gi\es the \olume (Q) of fluid perfusing a clearances have remaine a 

capillar} tube in unit time (T) as as 5 years When t e urea 
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as 20 per cent in cliromc glomerulonephntis or in lanes, the total filtration is increased by hyper- 

nephrosclerosis the renal lesion progresses In tension While a quantitative separation of these 

acute ncphntis the lesion either regresses or goes two effects of hypertension is impossible, it may 

on to a fatal outcome. Conceivably, dunng tox be that each of our 2 groups of h3q)erten3ivcs 
cmia of preg nan cy the glomerular lesion is pro- shows predominantly one and the other of these 

duced. With termination of the pregnancy, and compensatory mechanisms The patients of Sec- 

of the toxemia, further damage to the glomerular tion A of Table II and the male h3fq)crtensives 

capillanes docs not occur and renal function be- described by Smith (8) show high filtration frac- 

comes stabilized In a few cases a very slow im- tions The constriction of the efferent glomerular 

provement m function may occur m some mahg- arteriole imposes a resistance to blood flow distal 

nant nephrosclerosis supervenes (15) Some of to the glomerulus and thus slows the rate of 

our cases have been reviewed elsewhere (16) in flow through the glomerular capillanes The 

another connection and without consideration of arterial hypertension reflected in increased mtra- 

the specific lesion which may underlie the deficit glomerular pressure raises the filtration. In the 

m kidney function, post toxemic hypertensives the resistance to per- 

It would appear from the above considerations fusion may be m the glomerular capillanes whose 

that post toxemic hypertension is often on a dif- lumina are narrowed by the thickened basement 

ferent basis from the hypertension found in men membrane. Hence, it is through the capillanes 

(Smith) and in some women who have not had that the blood must flow most rapidly Hyper- 

toxcmia of pregnancy (Section A, Table II) tension may be the propulsive force which keeps 

though the dividing Ime is not a hard and fast the total volume normal or nearly so by speeding 

one. Therapeutic measures designed to relax the the flow through the pomt of resistance. The fil 

constnction m the efferent glomerular artenole tration which occurs through the capillary walls 

may be benefiaaJ in the latter group Perhaps may be lessened because of the thickened filter 

such treatment would be ineffective in post- Because of this and because of the shorter time 

toxemic hypertensives of contact of a unit volume of plasma with the 

Arterial hypertension has often been regarded filter the filtration fraction tends to fall, but the 

as a compensatory mechanism which mamtains a tendency is offset by the higher pressure. Hyper- 

relatively normal glomerular filtration either in tension thus mamtains the glomerular filtration at 

the face of a defiat m renal flow, or by mcreasmg normal levels by opposing the resistance to per 

the volume of blood perfusing the kidney In fusion and thus increasing the renal blood flow 

, the first case, if the mcreased systemic blood pres- / ^>=««iUy, it is worth mention that, except lO 

; sure IS reflected m an mcreased intra glomerular ^cortain ca^is of essential hypertension the urea 

[ pressure, the filtration fraction should be m ^ clearance is as good a test of renal function as is 

f creased This factor together with efferent ay diodrast clearance, The more one uses the 
^ tenolar constnction has been mentioned clearance the more one is impressed with 

j Smith as accountmg for the high filtration frac its clmical value. As has long been known, the 

j dons seen m male hypertensives. In the seo/nd urea clearance usually is proportional to (he glo- 

case if hypertension mcreases the renal blood flow merular filtration and therefore gives an estimate 
by dnving the blood through^ the Jadney at an of glomerular function As our data demon- 

increased rate, and by providing a high he^d of strate, the urea clearance also will grv’c an estimate 

^ pressure penruttmg of an mcrefl»ed decren^^t (P of the renal blooa flow fandis, Elsom, Bott 

^ m Poiscmlles equation), one tay conc#^^'^® that and Shiels (17) iiav'e shown the same pand- 

it the filtration fraction might not M'^cre^^sed even Ichsm between thy plasma clearances of urea and 
dj ^ high intra glomerular The hippuran the lattw of which approaches the com- 

plasma m a gi\en volume of blood simply be plete clearance i{ diodrast 
> too short a time m contact with the ^tenng sur- ^ 

^ face if the resistance to flow is not ^^tal to the sumuarv and conclusions 

]i glomerulus. Yet because of the volume Using the diodrast clearance indirect measure- 

of blood passing through the glome^^" ^en^s of the cffectnc renal blood flow have been 

r 
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THE INFLUENCE OF VITAMIN A UPON UREA CLEARANCE IN 
THE HUMAN SUBJECT ^ 

By RAYMOND C HERRIN and HENRY J NICHOLES 
{From the Dtpariptent of Physiology University of iVuconsw ifaJtson) 
(Received for publiciitJoii December 29 1939) 


The object of this study ^vas to ascertain the 
effect upon the urea clearance of the addition of 
large amounts of vitamm A to the ordinary mixed 
diet of normal subjects 

METHODS 

The jubjeetj presented no evidence or history of senous 
renal disease. Nine of the subjects were male medical 
students. Subject 4 was a 48-year-old female patients 
showing severe signs of vitamin A defiaency Three 
were staff members of the physiology department The 
clearances were conducted about 15 hours after the last 
meah Approximately a liter of water was dmnlc about 
an hour before the clearance periods. During the clear 
ance penods from SOO to 1000 cc. of water were talcen. 
Urmc collection was not begun until 200 cc. of urmc 
had been passed. This eliminated the possibihty of wash 
ing out coocentrated urmc from the dead space of the 
urinary system. Periods in which the rate of urine flow 
was rising were avoided or rejected- In the first 7 
subjects in Table I the bladder was catheterixed and 
washed with stenJc salmc before and at the end of each 
collection penod. In the reroamIng subjects, the bladder 
was not regularly cathcterucd because the maximum 
retention after voluntary imetunuoa was never found to 
be greater than 5 cc and with a urmc volume between 
150 cc and 400 cc the error was negligible The length 
of the collection periods varied from 30 to 45 mmutes. 
Venous blood was drawn at the mid point of the col 
lection penod. Urea was detemuned by the urease 
method as outlmed by Peters and Van Slyke (1) The 
clearances are expressed m cubic centimeters of plasma 
cleared of urea per mmute and arc maximum clearances. 

The normal clearances for Subjects 12 3 and 5 were 
made over a penod of 3 weeks. Subject 4 was only 
available for 2 weeks. After the controls were ol^ 
tamedf vitamin A was admmiitcred daily Subject 1 
ingested capsules of carotene m oil equivalent to 50 000 
mtemational units of vitamm A per day Subjects 2 
and 3 mgested the non-saponifiable fraction (N S.F ) of 
halibut hver oil m Wesson oil equivalent to 45 000 units 
of vitamin A for 25 days, after which it was raised to 
96 000 units of vitamin A. Subject S received the N S.F 
of hablmt liver oil equivalent to 175 000 units of vitamm 
A Subject 4 received carotene, equivalent to 50000 

* This study received support by financial grants from 
the Committee on Scientific Resarch of the Amencan 
Medical Association and the Wisconsra Alumm Research 
Foondatwn. 


units and the N S F equivalent to 100,000 units of vita 
min A per day Subjects 7 8 and 9 received 50000 
units of vitamm A in the form of halibut hver oil 
Subjects 6 10 11 12 and 13 received 60 000 units of 
vitamm A in the form of hahTjut Uver oU No attempt 
was made to regulate the other portion of the dietary 
Scrum vitamm A was determined m the first 9 sub- 
jects, using the procedure of van Eekelen (2) and the 
Lovibond tintometer In the remaining subjects scrum 
vi tamin A was estimated by the procedure of Evelyn (3) 
and the photoelectric colonraeter The serum samples 
were taken at the time of the clearance dcterromatioa. 
The vision of 4 subjects m dun bght, as tested by the 
bio-photometer was followed throughout the expenroent 
by the courtesy of Dr Horace Getz. The visual meas 
urements arc expressed m miUi foot candles. The sraal 
ler the number the better the dim vision. Oxygen con 
sumption was determined by the Sanborn apparatus cither 
during an actual clearance run or under similar condi 
ttons with the subjexrt recumbent 

RESXJL,TS 

Th^ normal clearance values are shown m Ta 
blc I The clearances are designated normal m 
the sense that there was no evidence of renal 
pathology and no particular attention had been 
given to the dietary vitamm A However Sub- 
jects 4 5 7 8 9 and 10 have been found by Dr 
Getz of the Department of Bactenology to have 
subnormal dim vision as determined with the bio- 
photometer The clearances listed under vitamin 
A supplement are the highest values obtamed on 
any one half day and with the exception of Sub- 
jects 4 5 6 and 7 two sets of values are included 
Figure 1 shows all clearances as determmed on 4 
subjects before the vitamm A supplement was 
begun dunng its admmistration and after its 
withdrawaL The serum for the vitamm A values 
m Table I was draivn at the tune of the clearance 
determinations m Tables I and II 

The vitamin A must be administered for 2 or 3 
weeks before any significant mcreasc in urea 
clearance appears. About 8 weeks arc required 
for the maximum response. This is illustrated by 
Subjects 1 and 2 After administration of the 
vitamin A supplement for 13 da vs the increases 
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Fig 1 Urea Clearance Before, During and After the Vitamin A 

Supplement 


A comparison of the effects of the vitamin A 
supplement upon serum vitamin A, dim vision and 
urea clearance is seen in Table II 

COMMENT 

Although vitamin A does increase urea clear- 
ance in nearly all cases, the individual variability 
lb striking and we have no explanation for it 
Such \anabiht> was not found in the case of the 
dog (4) or rat (5) The limited data agree with 
the idea that the \^riabihty is assoaated with the 
constitutional type The individual with the 
greater amount of subcutaneous fat, who gains or 
loses weight easily, is the type w^ho is most likely 
to show an increase in urea clearance with vitamin 
A administration It is interesting in this connec- 
tion to note that, m the experimental animal, loss 
of subcutaneous fat is one of the early signs of 
a\itaminosis In 2 subjects the increased clear- 
ance w^as not accompanied by significant changes 
m arterial blood pressure or oxygen consumption 
Therefore, changes in the general circulation are 
probabl} not responsible for the elevation of 
clearance 

As seen in Table II, impro\ement in dim vision 
does not necessarily accompany increased serum 
Mtamm A or the ele\*ation of urea clearance- Un- 
doubtedly, many factors other than the supply of 
Mtamm A enter into the rate at which visual 
purple 15 regenerated 


SUMMARY 

Vitamin A in the form of a concentrate of hali- 
but liver oil or the entire oil was administered in 
daily doses varying from 50,000 to 75,000 inter- 
national units to 10 male and 3 female adults In 
2 subjects there was no appreciable change in urea 
clearance, in 4 subjects the clearance increased 11 
to 15 per cent, and in 7 subjects the clearance ele- 
vation ranged from 24 to 91 per cent The sub- 
jects in this latter group were the type who easily 
gam m body weight The increase in clearance 
in 2 subjects was not accompanied by significant 
changes m blood pressure or oxygen consumption 
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BLOOD CHANGES INDUCED BY VENESECTION IN WOMEN WITH 
TOXEMIA OF LATE PREGNANCY 


By FRED W OBERST Aira E. D PLASS 

iFrom thf Det^rimeitt of Obstetrics and Gynecology State University of lou>a loxca Oty) 
(Rccavcd for piiblication January 19 1940) 


Ttie beneficial effect of blood letting m the 
toxemiajs of late pregnancy i5 well recognized, 
but bttlc or no accurate m formation la available 
concerning the method of its action. During the 
course of investigations on the water concentra- 
tion and the aad base balance m a senes of pa- 
tients with vanous climcal types of toxemia (1), 
certain observations were made at different times 
m the same individual m the hope of determining 
the physico-chemical effects of venesectiou The 
methods employed -were those previously described 
(2 3), except that the pH was determined colon- 
metncally and corrected to the electrometnc value 
by subtractmg a determined factor, 0 34 In each 
case the pH of the two samples (the first and 
lost portions of the venesection) was compared 
ivith the same standard and then one was com 
pared with the other The dmical data on the 
patients mentioned are available m Tables I II, 
and III of the commumcation mentioned above 
0 ) 

Venesection was mtroduced into the therapy of 
the toxemias on an empincal basis in the belief 
that It would remove from the body some of die 
hypothetical 'toxm ' supposedly responsible for 
the condition. More recently there has been a 
tendency to view its action as largely physical m 
nature. It is known that toxerme women with 
well defined clinical edema usually respond to 
therapy which mvokes the mobihiation of tissue 
water The removal of large volumes (300 to 
600 cc.) of blood increases the ivater content of 
the plasma and decreases the cell volume of the 
whole blood by drawing tissue water mto the blood 
stream This sequence of events is evidently 
based upon two physiologic facts (J) the volume 
of arculatmg blood tends to remain constant, 
and (2) deficiencies m its volume are made up 
promptly by the withdrawal of tissue fluid when 
other external sources arc unavailable. The fluid 
which IS thus brought mto the blood stream can 
then be elimmated by the kidneys, with the estab- 


lishment of a mild diuresis In all probability it 
13 the extracellular tissue fluid which is first 
mobilized for this purpose 
Assummg the correctness of these observations, 
it would then appear that study of tlie first and 
last portions of a slowly performed venesection 
might give some indication of the composition of 
the tissue fluids 

One normal male control (a professional blood 
donor) and six toxemic patients (one hyperten 
sive three non convulsive toxemics, and two 
eclamptics) uere studied in this fashion, the 
amount of blood taken varying from 275 to 600 
ecu and the time of withdrawal from 10 to 15 
mmutes In certain instances a third specimen 

TABLE I 


Data on the details of th* veneucUons 


C**c 

imim 

ber 

1 

1 1 

1 1 

1 pli*l 1 
nuaiber 

Anoant 

blood' 

dimwn 

Tim# 1 
oTa 
Yme-' 
*ec- 
tloa 

RttaarVf 

94a* 

b 

1 

" ! 
600 1 

MSM- j 

15 

Profeaiional luate donor 

fi9a 

b 

D 5247 1 

1 

400 1 

IS 

Toxemia without convuUuMi* 

90a 1 
b| 

H 13800 

450 j 

10 

Toxemm without convuUioog 

9U 

b| 

1 1409 1 

300 

15 

Chremic cardlovaicutar renal 
difeaxe 

92a 

b 

J S21S ! 

275 

15 

Postpartum cdampaia the 
blood was drawn 4 or 5 hour* 

1 after the la«t telxure 

93a 

b 

c 

J5370 

1 

400 

50 

1 

, Eclampda blood drawing wax 
made 1 1 boun after the hut 

1 aetnire The tfurd jpeclmen 
(c) wax dravra 15 mmutex 
' after the venesection wax 
ended 

95a 

b 

c 

j J«09 

1 

1 450 

1 50 

.0 

Toxemia wit bout convulx Ion*. 

' The third tpeclmcu (c) wax 

1 drawn 3 horn* later shor»^^ 
after 
had been 
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TABLE U 

Water dtUnbut on in tkenrsi (a) and the last (6), (c), portions 
of a venesection 


Cam 

OU 

SpfciSc gravity 

VSaUr 

Hcxnojobb 










Ur 

toL 

USLt 

Flaeaa 

blood 


Per 

kym- 

Per 

wbolo 

blood 

Per 

kgxa, 

cells 

Per 
100 cc. 
whole 
blood 

Per 

keza. 

celU 

Per 

kero. 

water 








ent 




froBU 

CrociA 

ffruDU 

ct rg 

in eg 

surf 


tSJ) 

10181 

loin 

lOSl 

912 

792 

665 

10 12 

19.50 

2935 

b 

^0,0 

13169 

10425 

1073 

916 

797 

663 

963 

19.54 

2930 


410 

13192 

L044d 

lOSO 

914 

SOI 

655 

332 

19 42 

29.70 

b 

33.0 

lOlCO 

10415 

1079 

926 

S03 

645 

8 47 

20 65 

32.05 

90a I 

27.51 

10134 

10366 

10S6 

910 

355 

713 

4 13 

1432 

20,00 

b 1 

2L0 

10109 

10356 

13S3 

915 

353 

695 

4.03 

15 46 

2235 

91a 1 

42.7 

13125 

13427 

lOSO 

913 

793 

m 

930 

20.60 

31 75 

b 

410 

10140 

13413 

lOSO 

921 

804 

646 

1013 

22 90 

35,40 

92a 

313 

13170 ; 

L03n 

I3S5 

916 

835 

666 

633 

18.65 

23.00 

M 

205 

10163 

103t3 

1032 

913 

833 

j 666 

635 

13.92 

23.41 

93a 

h 

410 

10160 

10459 

1090 

918 

801 

615 

9.33 

19 35 

3030 


40^1 

1 0157 

10440 

1335 

1 919 

1 S06 

653 

906 

1 20 76 

1 3130 

95a 

400 

10121 

13459 

1 loss 

90S 


1 641 

1 10 12 

, 2031 

.3135 

b 

43 0' 

10105 

13433 

L0S9 

1 912 

1 791 

1 639 

1 9.51 

1 2030 

, 31 75 


423 1 

L0095 

13395 

1079 

914 

792 

, 635 

8 75 

19 10 

30 05 


uas removed 15 minutes after the second The 
data on the details of the venesection and the 
time of collection of the samples are recorded m 
Table I 


The water distribution in the \Tinou 5 specimen^ 
IS presented in Table II 

In the normal male subject it is apparent that 
after the venesection the cell volume and the 
\anous specific gravities are reduced, the water 
content of the plasma and whole blood ib in- 
creased, while that of the red cells is practicallj 
unchanged , and the hemoglobin of the whole blootl 
is appreciably reduced It should be noted that 
the hemoglobin per kgm of cells and of water 
IS not altered 

In general, the results m the toxic w^oinen are 
of the same order and magnitude except that the 
hemoglobin concentrations per kgm of cells and 
per kgm of water are appreciably increased 

The acid-base factors are presented in Table 
III 

After venesection in the normal male, the chlo- 
rides, phosphates, and proteinates are decreased 
somewhat, while the bicarbonate rises fractionally, 
and the total acid is reduced slightly On the 
basic side, all factors are lowered and the total 
base IS reduced significantly The pH and CO. 
capacity are practically unchanged 

Among the toxic patients, the changes are gen- 


TABLE HI 


Acid-base equilibrium of the plasma before and after venesection 
(Concentrations are reported m terms of milli equivalents, mEq , per kilogram of i\ater) 


Caae 

number 

(CD- 

f 

(HCOi)- 

(Pro- 1 
telnaie)- ! 


Total 1 
adds? 

(Na)+ 

(Ca)** 

(K)> 

(Mg)*+ 

Total 

base 

pH 

CO, 

capacity 


mBj 

in£^ 

mE^ 

1 

mE^ 

m£^ 

frt£a 

m£a 

mEq 

mEq 

mEq 


Vclupti 
ptr Unt 

94a 

103 2 

30 7 

21 9 

1 74 

158 3 ' 

153 1 

5 48 

544 

2 19 

166 2 

7 45 

680 

b 

102 9 

31 4 

20 6 

1 70 

157 4 

145 5 

4 97 

5 37 

2 18 

158 0 

7 48 

68 9 

S9a 

111 1 

23.3 

14 2 

2 56 

152 0 

147 6 

460 

5 34 1 


159 7* 

7 16 

53 0 

b 

109 9 

20 9 

13 4 ! 

244 

152 0 

144 9 

1 

4 45 

5 52 


157 !♦ 

7 25 

50 1 

90a 

114 0 

1 

18 5 

16 6 ' 

2 27 

152 2 * 

1510 

5 06 

5 45 


163 

7 28 

46 5 

b 1 

113_3 

17 0 

17 9 1 

2 21 

1512 1 

149 1 

5 17 

5 67 


162 1* 1 

7 41 1 

45 8 

91a 

109 6 

22 8 

14 2 

1 97 

149 4 

155 1 

4 50 

7 65 

2J4 

169 6 

7 44 

55 9 

c 1 

loss 

238 

14 9 

1 86 

150 2 

148 6 

4 27 

6 27 

2 28 

161 4 

7 62 

56 5 

92a 

105 8 

27 0 

19 2 

260 

155 4 

140 0 

4 65 

1 8 74 

1 2 41 

! 155 8 

7 44 

62 0 

b 1 

104 0 

25 8 

19 0 

2 63 

152 2 

141 9 

1 

I 4 65 

9 12 

2 18 

157 9 

7 50 

59 0 

93a 

106 9 

23 6 

17 1 

2 22 

149 8 

153 8 

4.56 

564 

2 32 

166J 

7.38 

53 8 
cc e 

bll 1 

108 1 

23 9 

17 1 


152 U 

153 6 

4 80 


2 18 

166 2t 

7 43 

55 5 

Ct 7 

C ! 

105 3 

23 6 

17 7 

2 80 

1 

150 2 

146 1 

4 96 

4 49 

2 28 

157 8 

7 41 

to / 

95a 

102 2 

26 6 

18 1 

1 3 89 

151 6 

146 9 

5 16 

5 50 

2 57 

160 1 

744 

59 6 

CO ? 

b 

103 0 

26 5 

17 7 

1 3 48 

151^ 

[ 141 6 

; 5 16 

5 50 

2Jl 

154 6 

7 48 

/if ^ 

c 1 

103 9 

i 

27 0 

16 7 

1 

1 151 95 

145 0 

5 16 

! 

5.50 


157 9* 

744 

01 ^ 


• the value of 2 2 for magnesium 5 Assumed the value of 3 48 for phosphates 

t Asaumed the value of 5 64 for potassium If Assumed the same water ^ta m Joe 

X Assumed the v'alue of 2 2 for pho=.phatc 2 » ^ Assumed the value of 0 8 for 3Ulfate:»» 
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erally m the same direction and of approximately 
the same extent except that the hydrogen ion 
concentration is mvanably higher m the second 
specimen, and the variations arc at times rather 
marked (0 13 m Case 90 and 0 18 m Case 91) 
This may be taken to indicate that the pH of 
the mobilized tissue fluid is considerably more al 
kahne than that of the blood stream smec the 
added merement of extra vascular flmd represents 
only a small percentage of the total flmd m the 
vascular system, even after full cqmhTinum has 
been attamed From the evidence provided by the 
third samples (c) m Cases 93 and 95 it would 
appear that this increased alkalimty is of short 
duration 

DISCUSSION 

There is a certam logic which suggests that 
one of the fundamental changes m toxic women 
may be a shift of the body generally toward the 
alkalmc side. It has been known for years that 
during recovery from a severe toxic episode, the 
unne is defimtely alkaline for some days In the 
second place, the hyperventilation of normal preg- 
nant women (4) and espeoally of those suffering 
from the toxemia of late pregnancy (5), should 
lead to an aad deficit some^vhere m the organism 
Finally the eclamptic convulsion which so fre- 
quently interrupts the mcreasmgly severe toxe- 
mias and 13 probably to be viewed as a protective 
phenomenon, constitutes an ideal mechanism for 
combating an alkalosis The severe generalized 
convulsions occurring m a condition of partial 
anoxemia due to the temporary cessation of res 
piration mcvitably mcrcase the acids m the body 
as is illustrated by the sudden nsc m the blood 
lactic aad 

The fact that the blood rarely shows a sig 
mficant change m pH toivard the alkaJme side 
at any time during the toxemic mamfestations 
has been viewed as opposing the concept of an 
alkalosis The data here presented, ho\vevcr serve 
to revive the idea that the excess base may be 
stored m the tissues which generally partiapate 
m the physical changes accompanying the dis^e, 
and IS then released mto the blood as the tissue 
fluids enter the arculatory system to compensate 
for the blood loss The mereased pH of the 
second sample m each venesection \va 3 definitely 


determmed by the method of procedure. In spite 
of the consistent elevation of the pH, the COj 
capacity and the total aad and base constituents 
do not vary umformly 

The explanation for these mconsistenaes is not 
dear It is apparent that the pH change m the 
male is the smallest m the senes m spite of the 
fact that more blood \vas removed from him than 
from any of the toxemic patients The total aad 
values do not indude the organic aads and it is 
conceivable that the toxemic individuals (even 
those without convulsions) have more of these 
substances m the blood, whereas the diluting tissue 
fluid 13 relativdy defiaent Under such hypo- 
thetical conditions the blood would show a de 
creased total (mduding the organic) aad content 
at the end of the venesection. There is no avail 
able evidence to support such a contention, even 
though it would seem to offer the most logical 
explanation for the mvanably increased blood 
alkalimty at the condusion of the blood with- 
dravral 

The lack of umfonmty m the behavior of the 
scrum potassium dunng the blood letting is sus- 
ceptible of a theoretic explanation In three of 
the six toxemic women this constituent was 
slightly increased m two it was defimtely de- 
creased and m one there was no change whereas 
m the male donor it ^va3 scarcely altered (a dc 
crease of 0 07 niEq per kgm of water) It is 
well known that lomc calaura lowers the permea- 
bility of a Uving membrane to potassium ions, 
and that the major portion of the base m tissue 
cells 13 potassium The tivo patients who showed 
decreased scrum potassium m the second blood 
sample were Number 91 a case of cardiovascular 
renal disease and Number 93, a nonconvulsive 
toxemic In the former it is not unreasonable 
to postulate some deposit of calaum m the vessel 
^valls or m the surrounding soft tissues, which 
reduced their permeability to potassium In the 
second case the scrum calaum ^vas considerably 
higher in the second blood sample. This finding 
suggests that the extracellular fluid calaum must 
have been elevated and that a high tissue calaum 
might have mduced a decreased permeability of 
the vessel wall and thus have interfered with the 
passage of the potassium ions mtothc 
stream. ^ 
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CONCLUSIONS 

Venesection in women with various forms of 
the toxemia of late pregnancy induces blood dilu- 
tion and an associated ele\ation of the blood pH, 
which Is not accounted for by determined changes 
m the concentrations of total acid and base 
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Since benzednne enjoys wide clinical usage and 
has definite pressor properties an evaluation of 
the effects of its administration on the cardio- 
vascular dynamics is of theoretical and practical 
interest Data are available on changes in pulse 
rate and blood pressure following the administra- 
tion of benzednne m man (1 2) satisfactory 
studies of changes m cardiac output in man have 
not however been published It ivas therefore 
dcaded to measure the cardiac output before and 
after the administration of benzednne m man 
smcc changes m arculation are mtimately related 
to changes in metabolism and respiratory dy 
nasnics, simultaneous studies of the latter were 
also made. 

The marked psychic stunulatmg effect of benze- 
dnne negates the use of that drug pnmanly as 
a pressor substance, Parednne, closely related to 
benzednne chemically has no stimulating effect 
on the cerebral cortex but is a potent pressor sub- 
stance (3) Accordmgly the effects of its ad 
ministration on metabolism respiration and ar 
culation were also studied 

The actions of both of these drugs were com 
pared with the effects of the administration of 
epmephnne the prototype of the sympathomi 
raetic ammes 

MATERIAL AND METHODS 
Fifteen subjects ranging in age from 13 to 52 year* 
were used m the present study U were males. No 
cbntcal evidence of aboormahty of the cardiovascular or 
respiratory system was present m 14 subjects 1 subject 
(Case 13) had partial heart block due to coronary artery 
sclerosis, but no evidence of congestive failure. 

All measurements were made with the patient In the 
post absorptive state, under basal conditwns, in the semi 
recumbent position. The mmute volume output of the 


heart was measured by the method of Starr and Gamble 
(4) the respiratory rate, respiratory minute volume, tidal 
air alveolar carbon dioxide content, respiratory quotient 
and basal metabohe rate bang measured at the same time. 
The velocity of blood 6ow was estimated from the arm 
to-tonguc arculation time, according to the method of 
Wmtermtx, Dcutsch and Brull (5) Measurements of 
arterial blood pressure were made by the auscultatory 
method with a mercury manometer and a standard arm 
cuff Pulse and respiration were counted for 30-second 
periods, every 2 to 4 mmutes. 

Because of the large number of measurements made 
on each subject, it was considered desirable to perform 
all the studies made without the drug on one day and 
those after the adrohuitration of various drugs on other 
days it was felt that the effects of racrcasing restless 
ness and hunger associated vnth the performance of 
protracted experiments might lead to erroneous results. 
The patients were m the post absorptive state and rested 
until the pulse rate and blood pressure, as measured at 
S-mmute mtervals, estabbshed themselves at corutant low 
levels. The drug to be studied was then adnunistcrcd 
by mouth or by intramuscular injection. The changes 
m pulse rate and blood pressnre were again measured 
every 5 minutes until maximal changes occurred. At 
this pomt the other studies were begun, Measurcmaits 
of cardiac and respiratory dynanuci were made following 
the administration of the various drugs only when definite 
pressor effects were noted, unless the doses used were so 
small that no pressor effects occurred. In such cases 
measurements were made at arbitrary intervals after giv 
mg the drug Usually the studies on the effects of drugs 
were made on successive days after the control measure 
ments. In 2 instances (Gases 4 and 5) however where 
the possible cumulative effects of the drug were studied, 
roeasurementa w-crc made several days after the control 
studies. 

The venous pressure normally may vary as mtaffi as 
2 or 3 cm. of water from day to day Since this might 
be the extent of the change, if any m this measurement 
as the result of the adramistration of a drug a senes 
of experiments was paforroed during which measure- 
ments of only pulse rate, arterial pressure, and venous 
pressure were made oo the same day imroedutely before, 
during and after the administration of a given drug. 
These are reported m another place. 
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Since benzedrine enjoys Nvidc clinical usage and 
has definite pressor properties, an evaluation of 
the effects of its adrainistratioa on tlic cardio 
vascular dynamics is of theoretical and practical 
mtcrcsL Data are available on changes m pulse 
rate and blood pressure following the adrainistra 
tion of benzednne m man (1 2) satisfactory 
studies of changes m cardiac output m man have 
not however been published It was therefore 
deaded to measure the cardiac output before and 
after tlie admimstration of benzedrine m man 
since changes in circulation are intimately related 
to changes m metabolism and respiratory dy 
namics simultaneous studies of the latter were 
also made. 

The marked psychic stimulating effect of benze 
dnne negates the use of that drug primarily as 
a pressor substance. Parednne closely related to 
benzednne chemically has no stimulating effect 
on the cerebral cortex but is a potent pressor sub- 
stance (3) Accordmgly the effects of its ad 
ministration on metabolism respiration and ar 
culation were also studied. 

The actions of both of these drugs were com 
pared with the effects of the administration of 
cpmephnne the prototype of the * sympathonu 
metic amines 

MATERIAL AND METHODS 

Fifteen lubjecti rangrag m age from 13 to S2 year* 
were used m the preient study 11 were males. No 
clmical evidence of abDormahty of the cardiovascular or 
respiratory system was present m 14 subjects 1 subject 
(Case 13) had partial heart block due to coronary artery 
sclerosis, but no evidence of congestive failure. 

All measurements were nude with the paUent m the 
post absorpuve state, under basal conditions, m the senu 
recumbent position. The nunutc volume output of the 


heart was measured by the method of Starr and Gamble 
(4) the respiratory rate, respiratory minute volume, tidal 
air alveolar carbon dioxide content, respiratory quotient 
and basal metabolic rate being measured at the same time. 
The vclocrty of blood flow was estimated from the arm 
to-tongue circulation time, according to the method of 
Wmtcrmtz, Dcutsdi and Brull (5) Measurements of 
arterial blood pressure were made by the auscultatory 
method with a mercury manometer and a standard arm 
cuff Pulse and respiration were counted for 30-sccond 
penods every 2 to 4 mmutes. 

Because of the large number of measurements made 
on each subject it was considered desirable to perform 
all the studies made without the drug on one day and 
those after the admmistratiQn of various drugs on other 
days it was felt that the effects of mcrcasrag restless 
ness and hunger associated with the performance of 
protracted expenraents might lead to erroneous results. 
The patients were in the post absorptive state and rested 
until the pulse rate and blood pressure, as measured at 
5 minute intervals, established themselves at constant low 
levels. The drug to be studied ivaa then administered 
by mouth or by intramuscular tajection. The change* 
m pulse rate and blood pressure were again measured 
every S minutes until maximal changes occurred. At 
this pomt the other studies were begun. Measurements 
of cardiac and respiratory dynamics were made following 
the adnrimitration of the various drugs only when definite 
pressor effects were noted unless the doses used were so 
small that no pressor effects occurred. In such cases 
measnreroents were made at arbitrary mtcrvals after giv 
mg the drug. Usually the studies on the effects of drugs 
were made on successive days after the control measure- 
ments, In 2 instances (Cases 4 and S) however where 
the possible cumulative effects of the drug were studied, 
measurements were made several day* after the control 
studies. 

The venous pressure normally may vary as much as 
2 or 3 cm. of water from day to day Since this might 
be the extent of the change, if any m this measurement 
as the result of the admraiit ration of a drug a senes 
of experiment* was performed dunng which measure 
roents of only pulse rate, arterial pressure, and venous 
pressure were made on the same day ♦ "^Vefore, 

during and after the a v’>Tig; 

These arc reported m another 
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Fig I Transitory Early Decrease in Pulse Rate and Cardiac Output Following the Administration 

OF Benzedrine (Case 6) 


OBSERVATIONS 

Cardiac output Benzedrine in doses of 10 to 
30 mgm by mouth (Cases 1 to 7, 10, 11, 12) and 
10 mgm mtramuscularly ((Tase 8) caused no in- 
crease m cardiac output Parednne in doses of 
30 to 70 mgm by mouth (Cases 11, 12, 13) and 
15 to 20 mgm intramuscularly (Cases 14 and 15) 
likewise caused no mcrease m cardiac output 
These findings are in contrast to those noted after 
the administration of 1 mgm of epinephnne sub- 
cutaneously (Cases 10 and 11) , a striking in- 
crease in cardiac output occurred after the m- 
jection of this drug 

In 2 instances ((Tases 6 and 12) an imtial de- 
crease in cardiac output occurred after giving 
parednne or benzednne, with normal readings 
being found a short time later m 1 case (Case 6) 
(Figure 1) 

Velocity of blood flow Acceleration of the 
circulation time did not occur after the admmis- 
tration of benzednne or parednne (Cases 1 to 8, 
10, 11, 12, 13, 15) In 1 instance (Case 12) 
parednne caused a slight slo\\ing of the arcula- 


tion time The injection of adrenalin caused a 
marked mcrease in the velocity of blood flow 
(Cases 10 and 11) 

Arterial blood pressure Increases m blood 
pressure of less than 10 mm were not considered 
significant Benzedrine in 10 mgm doses by 
mouth (C^es 1 to 5) caused a significant rise 
m blood pressure in only 1 instance (Case 2), 
but with the same dose given intramuscularly 
(Cases 8 and 9), or with larger doses by mouth 
(Cases 6, 7, 10, 11, 12), a definite pressor re- 
sponse \vas noted The systolic blood pressure 
rose more than the diastolic m every instance in 
which a change occurred, so that tlie pulse pres- 
sure increased The administration of parednne 
(Casts 11 to 15) resulted in similar changes, 
parednne is apparently a somewhat more potent 
pressor drug than benzednne 

The mjection of epinephrine (Cases 10 and 11) 
resulted in a significant nse in systolic blood pres- 
sure but the diastolic blood pressure fell in 1 case 
(Case 11) and did not change in the other (Case 
10 ) 
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Pulse rate The administration of benzedrine 
caused increases in puJse rate ranging from 4 to 
18 beats per mmute m 4 experiments (Cases 4 
6 8 10) and a decrease of 8 beats per minute in 
1 (Case 12) and 5 beats in another (Case 5) 


There was no relabonship between the dose of 
the drug given and the change m heart rate. In 
2 additional instances (Cases 6 and 9) transitory 
slowing of the pulse rate occurred soon after 
be n z edr ine ivas given. Paredrme caused a de- 
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create in heart rate of 6 to 10 beats m 3 cases 
(Ca:,ei 5 11, 12, 15), and no change in the other 2 
Epinephrine increased tiie heart rate markedly m 
both insitances m which it was given 

Basal metabolic rate Neither benzedrine nor 
parednne affected the basal metabolic rate except 
m Cases 11 and 12, m both instances the rises 
in metabolic rate were associated with restlessness 
Epinephrine, on the other hand, increased the 
metabolic rate significantly (Cases 10 and 11) 
None of the drugs affected the respiratory quo- 
tient 

Respiratory dynamics None of the drugs in- 
fluenced the respiratory dynamics except in those 
experiments in which the metabolism was raised, 
in these instances the respiratory minute volumes 
increased (Cases 10, 11, 12) The vital capacity 
did not change 

DISCUSSION 

Benzedrine, when given m the doses usually 
employed clinically for its psychic stimulating 
effect, z , 5 to 10 mgm by mouth, exerts little 
or no pressor effect In larger doses, however, 
it causes a definite increase in systolic and diastolic 
blood pressures In doses up to 30 mgm given 
by mouth and 10 mgm intramuscularly, it causes 
no increase in cardiac output or velocity of blood 
flow, although tlie pulse may be increased sig- 
nificantly in some cases The findings with re- 
spect to the output of the heart become even more 
umfonn it these values are related to changes in 
metabolism The results of the studies on car- 
diac output here reported differ from those re- 
corded by Berggren and Soderberg (6) in 2 sub- 
jects These authors concluded that benzedrine 
increases the cardiac output Their results, how- 
ever, are so \^nable from experiment to experi- 
ment, and their control values so abnormal as to 
buggcit some grave teclmical error in their meas- 
urements of the cardiac output Their findings 
were not controlled hy measurements of the ar- 
culation time The umformit} of the results 
here reported with respect to cardiac output and 
circulation time after the administration of benze- 
dnne, and their sinking differences from the ef- 
fects of epinephrine in the same subjects lead us 
to conclude that benzednne does not mcrease the 
output of the heart In occasional instances, such 
a:> Ca^e 6 (Figure 1), an initial reduction in 


cardiac output may be detected This is asso- 
ciated with the initial slowing of the pulse detected 
in this and other experiments and is probabl) due 
to a reflex initiated by the rise in blood pressure 
and effected through the vagus nerve This ef- 
fect IS transitory, however, the cardiac output 
soon returning to its normal level The action of 
benzednne m causing a reflex stimulation of the 
vagus nerve may be of importance in precipitating 
the collapse which occasionally occurs after the 
administration of overdoses of that drug 

Similarly, in 5 experiments parednne caused 
striking elevation of the blood pressure with no 
increase in cardiac output These findings are in 
agreement with those reported by Stead and 
Kunkel (7) in 2 subjects following the admin- 
istration of a methyl derivative of parednne In 
1 instance (Case 12) a decrease m cardiac output 
and slowing of circulation time due to the action 
of the vagal reflex were detected Although 2 
other subjects exhibited marked slowing of the 
pulse, no change in cardiac output was found 
It IS possible that when the cardiac output is 
decreased through the action of the vagal reflex, 
the venous pressure increases and acts to increase 
the output of the Jieart to its former level 

The action of benzednne and parednne on the 
normal cardiovascular system differs in several 
ways from that of epinephrine The latter causes 
marked tachycardia, increase m cardiac output and 
acceleration of circulation time with only mod- 
erate transitory elevation of systolic blood pres- 
sure and no rise or even a fall in diastolic blood 
pressure The observations on the effects of 
adrenalin recorded here are similar to those pre- 
viously reported by other authors (8, 9, 10) 
Benzednne and parednne, on the other hand, 
cause considerable increases m systolic and dias- 
tolic blood pressure with no increase in cardiac 
output or velocity of blood flow Epinephrine 
tends to precipitate ventricular arrhythmias , 
neither parednne nor benzedrine has been ob- 
served to do this 

The mcrease in pulse pressure which occurs 
after the administration of benzednne and pare- 
drme in man does not indicate an increase m 
cardiac output The concept that cardiac output 
parallels pulse pressure, which is widely held, 
probably dates back to the work of Hurthle (11) 
However, as long ago as 1904, Erlanger and 
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Hooker (12) pointed out that theoretically when 
blood pressure is elevated, the pulse pressure 
should increase even though the systohc output 
remams constant vasoconstnctiou should cause 
an increase m pulse pressure The observations 
of Katz and Wiggers (13) on intact animals have 
shown that increasing the peripheral resistance 
raises the blood pressure and increases pulse pres 
sure without changing the cardiac output signifi 
cantly Even m the heart lung preparation where 
vasomotor influences are absent, there is no neces- 
sary relation between systolic output and pulse 
pressure (14) 

The effect of the admmistratioa of benrednne 
on basal metabolism has been studied by others 
(6 IS, 16 17) with divergent results In the 
expenments here reported, benzedrine caused no 
change m basal metabolism, m spite of the deJimte 
psychic stimulation usually observed unless the 
subject became restless. It is clear that the ad- 
ministration of benzedrine in the doses usually 
employed for chmeal purposes places no burden 
on the cardiovascular system, either directly or by 
raismg the metabohe rate. 

The prolonged pressor action of benzednne and 
parednne should be of value m clinical conditions 
associated with fall in blood pressure except that 
the marked psychic stimulation caused by benze 
dnne negates the use of that drug Parednne 
having no such action, is the drug of clioice in 
such conditions Favorable results of its use in 
orthostatic hypotension (18) and spinal anesthesia 
(19) have been reported In addition it has been 
found m this clmic, to restore the blood pressure 
to normal m Addisons disease and m shock due 
to coronary thrombosis It has also been found 
a useful adjunct m the treatment of the pcnpheral 
vasomotor collapse of hemorrhage, pulmonary em- 
bolism and surgical shock results in the collapse 
associated with overwhelming mfection have not 
been satisfactory It must be borne m mind that 
the effects of parednne on the cardiovascular dy- 
namics m all of the above mentioned dmical con 
ditions are not nccessanly the same as tliose ob 
served m this mvestigatiou on subjects with nor- 
mal circulations Accordmgly the wdespread use 
of parednne m these conditions should await fur 
ther studies 


SUMMARY AND CONCLUSIONS 

1 The effects of benzednne and parednne 
given m doses of 10 to 70 mgm on the metabo- 
lism, respiration and arculation were studied m 
15 subjects with normal cardiovascular systems 
The drugs were given by mouth or intramuscu- 
larly In 2 cases the effect of these drugs was 
compared to that of epinephnne, 

2 Benzednne and parednne in doses of 20 
mgm or more caused a marked nse m systolic 
and diastolic blood pressures in normal man The 
cardiac output pulmonary arculation tame, vital 
capaaty, basal metabolic rate and respiratory dy- 
namics were not changed, 

3 In several instances transitory slowing of the 
pulse occurred at the onset of the nse m arterial 
pressure due apparently to a vagal reflex. In 
some such cases a transitory shght decrease in 
cardiac output was also detected, 

4 The effects of adrenalin m man were quite 
different from those of benzednne and parednne. 
They consisted m a shght nse m systohc pres 
sure no change or a fall m diastolic pressure 
marked mcrease m cardiac output and shortemng 
of the circulation time 

5 Benzednne m doses ordinarily used dm 
ically t e 5 to 10 mgm has no significant effect 
on the cardiovtiscular dynamics 

6 The prolonged pressor action ivith no m 
crease of cardiac output and no psychic stimulat 
mg effect, suggests that parednne may be a useful 
drug m the treatment of certain types of vascular 
collapse espeaally where stimulation of the myo 
cardium may be undesirable 
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In the preceding paper (1), the cfifcct of the number of authors have assoaated the pressor 
administration of parednne on the cardiac output action of parednne and related drugs with con- 



Fig, 1 Ihckeask or Antecubitai. Vekoub Pausiniz Ama the Auuihistbatiok or 
PAJlEOarNE iKTtAMOfCtJLAlLV 


and blood pressure of normal man was described 
Marked elevation of systolic and diastohc blood 
pressure occurred but no change m n^rdiar out- 
put other than occasional slight initial decrease 
assoaated with vagal mhibition Nvas noted A 

1 Thu mvesUgabon was aided by a gnmt from Smith 
Klmc and French Laboratones Philadelphia. 


stnction of the veins and "venous depots * (2 3, 
4j 5 6) Smee data bearing on this pomt are 
inconclusive, it was considered desirable to m- 
vestigate the cfiFcct of parednne on the vans 

MKTHOM 

Stodies were made of the effect of parednne oa the 
venota presiurc m man when given orally intramosca 
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larK, ard intra\cnoii>l\ In two ox thc5c experiments, 
the administratJon of paredrine was preceded b> the 
inject on of 2.5 rngm. of atropine In two experiments 
adrenalin was gnen intra\cnousl> m order to compare 
Its action with that oi parednne. The subjects used m 
thc<c experiments ranged in age from 17 to 50, none 
showed clmical evidences of abnormal cardiov ascubr 
furctiom All studies were made with the subject in the 
recumbent position at least 2 hours after the last meal, 
the drug w*as not given until pulse, blood pressure, and 


the drug was given bi mouth Blood pressure was mcas 
ured b> a second observer m the opposite arm at 2- 
minute intervals bv the auscultator> method, using 
standard cufT Radial pulse rate was counted cvcr> 
minutes 

The above desenbed studies established the degree of 
change m the venous s>stcm after the administration of 
paredrine and to some extent also defined the mcclianism 
of this change In order to evaluate the importance of 
changes m the venous sjstcm on the genesis of the 


ap 



Fig Z Increase of Antecubitm- Venous Pressure after the Administration of 

Paredrine Intramuscularly 


venous pressure reached constant low levels Venous 
pressure vvas measured b> the direct method (7) m an 
antccub ul vein at 1-rainute mtcrv'als in 2 case^ simul- 
uncous measurements were made ot pressure m the 
icmoral vein at the level of the inguinal ligament In 
the stud c:> on adrcnalm the drug wus injected into a 
vein OI the arm oppoailc to tliat u^cd for venous pres- 
ide neasurements Since the changes m cardiovascular 
dv-nanucs produced b> oral admmislration of paredrine 
arc s!o V in appearing ard oi long duration venous pres- 
sure was dc ennmed cnl> imtiall> ard at the height oi 
artenal h>*pertcru:cn m the experiments m wh eh 


pressor effect of paredrine, three studies were made on 
normal men to determine the effect of the inhalation of 
amyl nilntc on the h>'pcrtcnsion caused by the admin- 
istration of paredrme. 

Another group of experiments was done on rabbits 
under nembutal ancslhcsix After the injection of parc- 
drmc m the car veins, changes m the veins of the omen- 
tum or mesentery of the small intestine of rabbits were 
determined b> measurements of the diameter of the image 
thrown on a screen by a micro-projector 

In a third group of experiments, three m number, 
:jtudic5 were made of the rate of flo / of solutions of 


lO P 
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parednne througii a jegmcnt of wphenouj vein of ancj 
thetiicd doffi m xt#i( according to the technique of 
Donegan (8) 

RESULTS 

Oral intramuscular or intravenous admmistra 
tion of parednne m man in doses which caused 
a definite elevation of blood pressure also re 


sure reached its highest level and m all of the 
experiments the changes m venous pressure were 
not closely proportional to those of artcnal pres- 
sure, nor ivas their time of onset and offset exactly 
the same. The administration of parednne pro- 
duced neither discomfort nor restlessness 
Adrenalin (Figure 10) caused a very rapid and 



Fio 3 Incstase or Antecubital Venous PaissunE apteh the Admin 

IBTkATlON OF PahEDBINE InTIAVENOUSLY 


suited m a temporary mcrease in venous pressure 
of from 2 3 to 6 0 cm. of water (Figures 1 to 7, 
11 12) In a few other expenments (not rq>- 
rcsented m the graphs) no change m venous 
pressure was found after doses too small to pro- 
duce mcrcased artenal pressure The elevation 
of blood pressure was associated with cardiac 
slowing except m the atropinued subjects In 
these subjects a slight mcrease m heart rate 
occurred and mcrcases m both arterial and venous 
pressure were found to be greater for a gpven dose 
of parednne tlian m the non atropmued subjects 
(Figures 8 and 9) In the two experiments m 
which the drug ivas given intramuscularly the 
peak of the venous pressure curve ^vas not reached 
until several ramutes after the systolic blood pres- 


stnking mcrease m venous pressure with a mod 
erate nse m artenal pressure. 

The measurements of the projected diameter 
of veins of the rabbit showed defimte decreases 
of approximately 20 per cent after the mtravenous 
mjection m the car veins of 5 to 20 mgm of pare- 
dnne In the perfusion experiments on dogs 
the rate of flow through the venous segment 
dropped sharply when dilutions of parednne of 
20 ingra per 100 cc. of physiological saline were 
used. However no definite effect could be ob- 
tained by perfusions with dilutions within the 
range which the usual dosage could produce m 
the blood stream of an mtact animal receivmg 
the drug parenterally 

Inhalation of amyl mtnte (Figures 11 12) m 
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mlnuleft 

Fig, a I\crease of Antecubital Venous Pressure after tue Aomik« 

ISTRATJON OF PAREBRINE INTRAVENOUSLY 
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mlnutat 

Tie , 8. Effect of the Administration of Paredbine on Atropinized Subjects 


the recumbent posture caused a fall of blood pres* 
sure to or below normal le\el5 within 30 seconds, 
and a retuni to the hypertensive level within 1 
niinuie The diastolic levels fell relatively more 
than the sv^tohe The expenment v\as repeated 
three or tour tmie:> over a 10-minute interval m 
each subject, with practically identical results 
Marked flushing occurred dunng the inhalation of 
the drug Changes in venous pressure v\ere 
:^mall 

DISCUSSION 

The n^e in venous pre:>:>ure observed after the 
admimiiraiion:> of parednne in man is similar to 
tlai found bv author^ who luve studied other 


sympathicomimetic drugs (2, 3, 6, 9, 10, 11, 12, 
13) The mechanism causing this phenomenon 
associated with the administration of sympathico- 
mimetic drugs IS not definitely established , some 
workers favor constriction of the veins themselves 
(2, 3, 6, 12, 13), while others regard back-pres- 
sure from the heart as the cause (10, 11) 
Mechanisms which cause rise in venous pres- 
sure and deserve consideration here are (a) in- 
crease in intrapleural pressure, (b) changes in 
tone of the skeletal muscle, (r) transmission of 
the increased arterial pressure through the capil- 
lanes into the veins, (d) back pressure resulting 
from decreased cardiac output due to the vagal 
slowing of the heart after the administration of 
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parcdnne (e) constnction of the vcjns , and (/) 
back pressure due to artenal hypertension. 

The first two can be eliminated as causes of 
the nse in venous pressure due to the admims 
tration of parednnc, since the drug causes no 
change m respiratory dynamics or m the tonus 


tion of parcdnne is additional evidence that trans- 
mission of pressure m this manner does not occur 
In the previous study on the action of paredrme 
in man (1) it was pomted out that slowmg of 
the heart rate presumably due to depressor reflex 
almost always is associated with the onset of 



Flo, 9 Emct or thb Aduinistbatiok of Pabtdhins on ATSopiNirED Subjects 


of the skeletal musculature Transmission of m 
creased artenal pressures through the capiUancs 
mto the vems is also unlikely smee the elevation 
m blood pressure caused by parednnc is due to 
artenolar spasm (14) Landis (15) has shown 
that constnction of the artcnoles m the frog 
mesentery due to the administration of adrenalm 
did not increase the capillary pressure. The ab- 
sence of venous pulsations after the adnumstra 


hypertension due to the action of this drug In 
occasional instances a simultaneous slight decrease 
m cardiac output may also be detected this might 
possibly cause an increase m venous pressure. In 
crease of venous pressure secondary to vagal m 
hibition of the heart is excluded by the expen- 
ments on fully atropinized subjects 
Constnction of the mesentcnc veins of the 
anesthetized rabbit was observed folio 



510 


\R\OLD ICLAUER AND M \Riv D ALTSCHULE 



Fig 10 Effect of Intravenous Administration of Adrenalin 


injection of parednne into an car vein Studies 
on the unane:)thetized anmial were not possible, 
tilt onl^ VLins avoidable for direct study in such 
anunals are those in the e> e-grounds These, hav- 
ing no muscle in their walls, are incapable of 
constriction (16) , observation ot the retina bv 
means of the ophthalmoscope revealed absence of 
vtnoui constriction, although the retinal arteries 
were seen to become markedl} narrowed The 
nrdingb in the itudie;> on the rate of flow of fluid 
periUitd under a constant head of pressure 
tl’rough isolated veuu> ot anesthetized dogs also 
iUgge:>: tint parednne con^incts veins, although 
ihi. unph}iio^ogical nature ot the animal prepara- 
tm makes tne;^e firding:> bv thtni>ehe5 incon- 


clusive The muscular tone of the vein walls is 
an important factor m regulation of venous pres- 
sure The resistance of the venous system to 
central flow of blood is appreciable, as demon- 
strated by the increase of pressure from the great 
veins to the capillaries The discussion of Moritz 
and von Tabora (7) minimizes the factor of re- 
sistance to forward flow of blood in veins, but 
views the distensibihty of venous segments as an 
important influence on venous pressure These 
authors pointed out that if the smooth muscle of 
the vein w'all contracts, a given amount of blood 
contamed within the vein will be under increased 
tension Empt}ing out of the venous ^'reser- 
voirs" ma} be considered as a phase of gen- 
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eralized contraction of veins, and might possibly 
tend to increase venous pressure at least mrtially 
m a manner similar to an mtravenous mfusion of 
a large volume of fluid (11 17) It is most 
probable that venous constnction is one factor 
responsible for the nsc in venous pressure caused 
by parednne. This mechanism is not unique to 
parednne for the venous pressure increase pro- 
duced by adrenalin in animals and men has been 
attnbuted to venous contraction (9 12, 13) as 
has that produced by parednnol ( 2 , 3 , 4 6) 
Measurements of the femoral venous pressure 
after the administration of parednne show that 
the increases m pressure occur m these veins also 
These findings mdicate that the pressure within 
the nght auncle is also mcreased, smee only 
large valveless veins he bct^vcen the femoral tn- 
angle and the heart The possibility that this 
increase m venous pressure is due to vagal slow 
mg of the heart is ruled out by the abovc-de- 


scribed experiments on atropmixed subjects The 
mechanism of the increase m nght auncular pres- 
sure IS not clear Certain pertinent studies have 
however been made by other authors Early 
experiments with the heart lung preparation (18) 
showed an elevation of venous pressure if the 
arterial pressure ivas raised by increasing the 
penpheral resistance. Starlmg considered this to 
be due to back pressure through the pulmonary 
arcuit Later utirkers however attnbuted this 
finding either to failure of the heart or to m 
creased filling of the auncle due to increased 
coronary blood flow (19) which m tlie heart 
lung preparation is proportionately much larger 
than m mtact animals The moderate mcrcascs 
of blood pressure which occur m most of the 
subjects after the admmistration of parednne 
would not produce cardiac failure Similarly the 
absence of decrease of vital capaaty rules out 
back pressure due to cardiac decompensation 
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The experimcnU of Dc Jagcr (20), Katz and 
Wiggers (21) and Barcroft (22) on intact ani- 
nuls showed that obstruction of the aorta close 
to the diaphragm usuall} produced mcreascs of 
\cnous pre:5sure The^e findings are difficult to 
relate to the pre^jcnt stud% since the obserN'ations 
oi those authors onh lasted a few minutes alter 
the occlusion ot the aorta, a time during which 
major clianges m the distribution of the blood 
might be e^p<:cted to occur It is quite possible, 
ho vc\cr, ih^t paredrme produces increased pres- 
sure m il e pulmonary arterial tree simultaneous!) 
with hvpertcnsion in the systemic circulation, and 
this m ght be suggested as a cause of increased 
rght auncular ard \enous pressure However, 


m cats, occlusion of as much as 60 per cent of 
the cross sectional area of the pulmonary artery 
docs not change pressure in the right auricle 
(23), the venous pressure remaining unchanged 
until the cardiac output decreases Since de- 
crease in cardiac output does not occur after the 
administration of paredrme, it is clear tliat this 
mechanism cannot be invoked to explain the rise 
in auncular pressure caused by the drug The 
rise m auncular pressure caused by paredrme 
mu:»t be related to the generalized increase m 
tonus of the blood vessels throughout the body 
Another important consideration to be discussed 
i5 the relation of the increased venous pressure 
to the arterial hypertension observed after the 
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adnumstration of parednne. Authors who have 
studied parednnol (2, 3 4 6) have suggested 
that this drug produces elevation of arterial pres 
sure by increasing the venous return to the heart 
due to venous constriction. However, many ex 
penments m men and animals show that the m 
travenous injection of large amounts of fluid 
(17 24, 25) produces only slight changes m 
arterial pressure m fact most autliors have found 
tliat this procedure results m pcnpheral vaso- 
dilatation The lack of parallelism beuveen venous 
and arterial pressure curves m our experiments 
suggests that their variations are produced by 
independent mechanisms Since nitntes are said 
to act chiefly on tlie veins (26), the observation 
that nitrites counteract parednnol hypertension 
has been used by Stead and Kunkel (6) as cvi 
dence that venous changes cause the mcreased 
arterial pressure. The rapid decreases in arterial 
pressure with prompt recovery following inhala- 
tion of amyl nitntc are difficult to interpret except 
as evidence of rapid dilatation and constnction of 
artcnolcs it seems impossible for the veins and 
' venous reservou^ to fill and empty so rapidly 
It must be concluded that venous constriction is 
not important m the genesis of the hypertension 
produced by parednne m normal man These 
findings, however throw no light on the role of 
venous constnction in recovery from shock 

The pressure mcrease in the femoral vem indi 
cates that the pressure at the nght auncle is 
probably increased The classic observations of 
Starling (27) and Bambndge (28) would lead 
one to antiapate increased cardiac output and 
tachycardia as a result of tins increase Why 
these changes do not occur is not clear but the 
mcreased pressure load against which the heart 
works must be an important factor 

CONCLUSIONS 

1 Oral, intramuscular or mtravenous injec- 
tion of parednne produces a generalized mcrease 
of venous pressure m normal man 

2, Evidence is presented that this increase is 
due to active constnction of the veins produced 
by local stimulabon. 

3 Venous constnction is not a factor m the 
production of arterial hypertension by parednne 
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The total amount of iodine m the arculating 
blood of a normal human adult usually does not 
exceed half a milligram It can be understood, 
therefore, why early mvesbgators doubted that 
lodmc was a constant component of tlie blood 
It was not until 1923 that a method (1) was in- 
troduced that was sulliacntly delicate to permit 
a quantitative study of the blood iodine. Since 
that bme, numerous procedures have been brought 
forward These have often differed only slightly 
from each other but have yielded markedly dis 
cordant results For instance, in a recent com 
pilabon (2) of normal blood iodine values as 
given by different workers a range of 1 1 to 
400 microgranis per cent is found 

In the present report an attempt has been made 
to establish the normal blood iodine level for males 
and females m New York Gty and to mvesbgate 
the effects of certam disease conditions on this 
norm 

METHOD 

After a study of available methods, that of Trerorrow 
and Faihena (3 4) proved the most satisfactory and 
rchable and was adopted for use in this clmic A de 
scriptiofl of the method as used m this laboratory was 
recently pubhshed by Palmer Lcland and Gutman (5) 
Duplicate samples of 15 cc of blood were digested m 
500 cc. digestion flasks which were later connected di 
rectly to the dlstjUahon apparatus. For this amount of 
blood, 30 grams of recrystalJued potassraffl dichromate 
and 90 cc. of the chromic add sulfuric aad mixtiirc were 
used. 

Small samples were used with bloods suspected of 
containing large amounts of lodme, as It was shown (5) 
that quantitative recoveries above 6 micrograms were not 
always obtained. According to the amount of blood used 
the proportions of the reagents were varied as follows 


Pola«c/ctni 


Blood 

dJefarosute 

Add gitxtnri 

tc. 

grmmi 

a. 

15 

30 

90 

10 

20 

60 

5 

10 

30 

1 

2 

10 


When 1 cc. or 5 cc. samples were used, digestion was 
earned out m a 250 cc. flask and a transfer was then 
made to the large distillation flask with the aid of 100 
cc of redistilled water 

During the hour's distillation care was taken to employ 
a strong current of aUcah washed air, and to collect the 
same amount of water In the receiving flask as was 
added to the digestion mjxlurc before dishUation (usu 
ally 100 cc ) New lots of reagents were always tested 
for trac:cs of lodmc before usmg 
Total iodine recoveries using this method with known 
solutions of potassium iodide have been reported from 
this laboratory (5) Using sheep s blood to which known 
amounts of potassium iodide were added, equally satis- 
factory rccovcncs were made 
In each case the usual ngorotii precautions were taken 
agamst contamination of the blood sample both when it 
was secured and after it had reached the laboratory 
Results were discarded when the discrepancy between 
the duplicate specimens exceeded 10 per cent The aver- 
age value of the duplicate determmatians is given through 
out the present report 

Normal blood todute 

To establish the normal range of blood lodmc 
values determinations were made on 20 males and 
20 females mostly medical students or laboratory 
technicians who were m good health All were 
receiving a regular diet and the blood samples 
were usually obtained after breakfast In each 
case care was taken to ensure that there had 
been no recent mtakc of sea food that tmeture 
of lodme had not been applied to the skm and 
that lodiEcd salt was not used 
The results arc given m Table I and are ex- 
pressed graphically in Figure 1 The range of 
the blood iodine for the 20 normal males ^va 3 3 8 
to 8 6 micrograras and for the 20 normal females 
was 3 5 to 104 micrograms The average value 
for the males was 5.9 micrograms, for the fe- 
males, 6B micrograms, and for the entire group, 
6 3 micrograms. 
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FlC, 1 A CoMPAiUSON OF THE lODINE LEVELS IN THE BlOOD I\ HeALTH AND IN THE VARIOUS DISEASES 
dLcu55cd in the text and listed at the top of the columns m the figure. The number of eases m each group is in- 
dicated m parenthesis beIo^\ the diagnosis Each square represents a patient. The approximate normal range is 
^howTi b\ the hcav> horizontal lines A feu minor discrepancies will be noted when the figure is compared with 
the text due to the nccesaitj of charting accordmg to the nearest half raicrogram instead of in tenths of a micro- 
gram as m the tables 

In general, the results herewith reported for results here reported In all events, the differ- 

normal adults agree dosel} wnih the values given ence, if present, is slight and probably of little 

recemlv for normal infants and children m New significance 

York Cit\ b} Fa^shena (6), using the same A factor of possible importance tliat could ev- 
n ethod She lound an a\erage blood iodine of plain higher values in the female is the general!) 

6 6 nncrogranis m a group of older children accepted belief that the blood iodine rises sig- 

It wnll be noted that the blood iodine vanes mficantly on the first days of the menstrual flow 
more widel\ in normal lemales than in males and This w'as first stated by Veil and Sturm (7), and 
that the average for the temale^ is about a micro- subaequenlly v ithout dissent b> numerous others 
gram higncr In prevuoual) reported senes, no In this senes the precaution was taken ot secur- 

con^tant sex. dmerence in the b^ood iodine level mg the blood sample during the intermcnstrual 

h.as been lound although it is more oiten stated penod 

tnat the level u higher m males, contraiy to the With two exceptions all determinations were 
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TABLE I 


Bhod todim of normal adults tn Ifsv York City 





20 FcBuJes 

Cue 

Age 

Blood 

lodloe 

Case 

Ai« 

Blood 

lodloe 

139 

25 

mkropmmi 
fir too cu 
86 

120 

25 

mitntrKwu 

ptrlOOu, 

104 

123 

27 

13 

19 

25 

10.2 

117 

23 

13 

141 

23 

9J{ 

34 

44 

6.8 

144 

20 

93. 

92 

37 

6-S 

136 

30 

81 

137 

25 

6J 

106 

22 

77 

91 

28 

6.5 

118 

20 

7.5 

3 

26 

59 

138 

36 

74 

98 

26 

59 

17 

29 

7.3 

IS 

29 

5.8 

130 

27 

7J 

31 

26 

5 6 

143 

19 

13 

140 

24 

5J 

119 

25 

S3 

107 

28 

5.5 

111 

21 

5 7 

43 

34 

5J 

121 

22 

56 

76 

27 

SJ 

142 

25 

5.5 

63 

28 

5.2 

132 

27 

5 1 

27 

25 

5 1 

112 

28 

46 

125 

26 

4.5 

131 

26 

45 

110 

23 

4J 

105 

1 26 

44 

82 

28 

3.8 

124 

21 

33 

Average 

59 

Average 

63 


raadc m the months of September to January 
mclusive. Withm this penod no seasonal trend 
was demonstrable The average blood iodine 
values by months follow 


MoDth 

Cue* 

Awt«u 

blo^ iomoe 

micTogrtms 

September 

9 

6 1 

October 

10 

66 

November 

7 

5 1 

December 

3 

5 6 

January 

9 

13 

previous reports 

which 

are too numerous 


for detailed review here opinion is divided as to 
the presence of a seasonal effect on the level of 
the iodine m the blood When such an effect has 
been claimed, a nse m the late summer has been 
noted with the low point occurring in the late 
winter We have made 5 determinations of the 
blood lodmc m one normal individual and 9 in a 
second subject The results arc shown m Fig 
ure Z From this it is apparent that while there 
was a considerable variation in tlie blood iodine 
level of the individual, no seasonal trend ivas 
demonstrated 

As a result of this survey of the blood iodine 
of normal subjects, it was arbitrarily deaded to 



Fig. 2. Rblativcly Wros Fluctuations Aiui Shown 
IN THE Blood Iodine Level or 2 Individuals But No 
Seasonal Teend Is Evident 


consider the normal range of blood iodine for 
this method m New York City to be 4 0 to 100 
micrograms per 100 cc. This decision was ac- 
compamed by the mental reservation that perhaps 
the latter figure was too high and that 9 0 micro- 
grams might be a more accurate upper limit of 
normal 

Thyroid disease 

The intimate relationship of the thyroid to lo- 
dme metabolism early attracted the interest of 
those mvcstigabtig the lodmc content of the blood 
As a result, the literature pertauung to the blood 
iodine m thyroid disease has already become volu 
mmous A good review has recently appeared 
( 2 ) 

Despite the many previous reports it was con 
sidcrcd advisable to study another senes of pa 
tients with thyroid disorders particularly with the 
view of using the results obtained as a basis for 
comparison with other disease groups 

Hyperthyroidism There were 20 cases of un 
doubted hyperthyroidism (Table II and Figure 1) 
In 17 the changes m the thyroid were diffuse, and 
in 3 there was a taxic adenoma. As is usually the 
case, females predomuiated m this senes m the 
ratio 3 1 In no instance had iodine therapy been 
started. 

In 14 patients (70 per cent) the blood lodmc 
was above 100 raicrograms the upper limit of 
normal In 2 cases (10 per cent) the blood iodine 
was 9 5 micrograins, which may be classed as 

high nonnah In the remaining 4 patients (20 
per cent) the iodine level ivas entirely nonnal 
These findmgs correspond rather closely with pre- 
viously reported senes 

The occurrence of hyperthyroidism with a nor- 
mal blood lodme level has been repeatedly stressed. 
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TVDLE U 

Blood iodine tn hyperlhyroidistn 




[ 

1 

T>pe 

Duiaaoa 

Eoial 
nicUboliC 
rate j 

Scrum 
chclcitcrol 1 

Blood iodine 

Course and remarLj 






ccfti 

per 

mi£70i,ramj 







ItO cc 

per 100 cc 


122 

M 


DitTu^e 1 

4 months 

+43 

200 

38 5 

Well 4 months post-operative 

25 

h 

56 

DiiTust 

2 >tars 

+40 1 

118 

23 7 

Well 1 >car post operative 

20 

M 

25 


1 >tar 

+29 


21 4 

Recurrence m 3 months 





+37 


13 4 

Well 3 months after second opt rat ion 

93 

F 

30 

UllTUi^ 

1 >car 

+57 


19 5 

; Well 1 >ear post operative 

Well 3 months post operative 

39 

F 

60 

Adenoma 

3 >cars 

+38 


18J 

3S 

F 

34 

Diffuse 

1 >car 

+49 

156 

, 180 

1 Well 1 >ear post-operative 

67 ! 

F 1 

60 

Diffuse 

3 > ears 

+23 

190 

17 8 

Well 22 months post operative 

77 ; 

F 

33 

Adenoma 

6 months 

+35 

170 

160 

W^ell 18 months post operative 

33 i 

F 1 

39 

Diffuse 

14 months 

+41 

175 

14 9 

Well 15 months post-operativ e 

55 1 

M 

25 

Diffuse 

1 >ear 

+ 61 

129 

14 7 

W^ell 2 >ear3 post operative 

4S 

M 

54 

Diffuse 

6 months 

+47 

118 

14 2 

Improved 14 months post operative 

174 

M 

57 

Diffuse 

1 vear? 

+55 

159 

14 1 

Wkll after 5 months radiotherap) 

45 

F 

49 

Adenoma 

? 

+37 

139 

12 8 

Died 

2S i 

F 1 

43 

Diffuse 1 

I >car 

+ 75 

261 

10 2 

Well 1 >earpost operative 

14 1 

F ! 

23 

Diffuse 1 

2 >ears 

+ 73 

125 

95 

Operat^ for 3rd recurrence Wkll 1 








>ear later 

CO 

F 

20 

Diffuse j 

9 months 

+48 

174 

95 

Well 13 months post-operative 

S5 

F 

41 

Diffuse 1 

4 months 

+35 

165 

S3 

Well 3 months post operative 

61 

F 

24 

Diffuse ' 

4 months 

+38 

208 

7 7 

No follow up 

IhS 

F 

30 j 

Diffuse 

8 months 

+33 

145 

76 

Well 4 months post operative 

159 

h 

34 

Diffuse 

9 vtars 

“h IS 

135 

67 

Operated for 5th recurrence 


The prcrscnt senes is too small to warrant detailed 
companion between those patients with an elevated 
blood iodine and tho^e whose blood iodine was 
normal Broadl> speaking there do not seem to 
be significant differences between the two groups 
with two poibiblc exceptions {!) none of the 
fi\L mak:j m the senes had a normal iodine le\el, 
and (2) oi the 3 patients observed at the time of 
a recurrence of h>perth>roidism, 2 had normal 
blood iodine ^alue^ In the third patient, who^e 
blood iodine was 21 4 micrograrrii when first ob- 
served, the lev el dunng a recurrence 3 months later 
was 13 4 microgrami 

Xo correlation wa^ evident m the entire senes 
between the level of the blood iodine and the 
baial metabolic rate or the ierum cholesterol values 
determined b> the method ot Bloor, Pelkan and 
•\lkn (S) 

Xon’tox c adt) ou a In 4 oi 5 cases oi non- 
toxic adenoma oi the thyroid, normal blood iodine 
levek were found (Table III and Figure 1) 
In the filth ca^e the value w-as lov. This pa- 
i ciu aLo liad hvpcrtcnsive vascular disease (^ec 
Lcov) Again, a^ in the hv*penh\roid group, 
there v*ai ro con'elanon oi the blood iodine with 
^he La^ol n eiabul c rate or icrum cholesterol level 
ro dism There were 5 cases m whom 


the diagnosis of h)pothyroidism was established 
with reasonable certainty Only 1 presented the 
clinical syndrome of myxedema The blood io- 
dine was normal in 2 cases and low in 3 cases 
(Table III and Figure 1) There was no definite 
correlation of the blood iodine with the basal meta- 
bolic rate or serum cholesterol level 

Thyroiditis The blood iodine was elevated m 
2 cases and the serum cholesterol was low m both, 
although the basal metabolic rate was low m one 
and high in the other (Table III and Figure 1) 
One case was proved by biopsy, in the other the 
evidence, though presumptive, was strongly sug- 
gestive 

Carcinoma of thyroid In 1 proved case the 
blood iodine was normal, the basal metabolie rate 
w^ elevated, and the serum cholesterol was low 
(Table III and Figure 1) 

“ Xerzoiisness^^ In 6 patients the question of 
h}q 3 erth>roidism had been raised, but after careful 
stud> the eventual diagnosis was considered to be 
some torm of nervous imbalance These indi- 
viduals were all females and all had normal iodine 
levels in the blood (Table III and Figure 1) In 
these cases the basal metabolic rate was normal but 
the serum cholesterol v'aned from 140 mgm to 
29S mgm per 100 cc 
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TABLE ni 


Blood todins in mwtUaiwujt thyroid condiitons 


Cue 

Sex 


Dt*incwl< 

Buxl 

metabolic 

ralt 

Scrum 

cbolesteiol 

Blood lodloa 

Remarks 





uni 

p€r 
100 cc 

mtcrapnmt 
p<r 100 (X. 


97 

F 

38 

Non toxic adtJioma 

- 1 

272 

7 1 

Also rheumatic heart disease 

213 

F 

47 

Non toxic adenoma 

+ 8 

186 

66 

Also rheumatic heart disease 

247 

F 

53 

Non toxic adenoma 

- 5 

244 

47 

Substemah 

207 

F 

78 

Non toxic adenoma 

+22 

156 

4,3 

Also hypertensive disease 

161 

F 

52 

Non toxic adenoma 


221 

28 

Also hypertensive disease 

64 

F 

65 

Myxedema 

-25 

355 

58 


62 

F 

55 

Hypothyroid 

-25 

278 

5 1 

Coronary thrombosis. 

169 

U 

60 

Hyjx) thyroid 

- 9 

345 

3 8 

21 

F 

52 

Hypothyroid 

-17 

226 

17 

Recovenng from hyperthyroidism 
Induced by thyroid medication 
Complete thyroidectomy 

Febrile, Biopsy diagnosis. 

57 

F 

61 

Hypothyroid 

-31 


QS 

101 

F 

39 

Caremoma of thyroid 

+35 

147 

SO 

10 

F 

55 

Thyroidltia 

-16 

124 

IIJ 

Biopsy diagnosis 

255 

M 

47 

Thyroid It u 

Nervou* ?hyper 

+39 

141 

11 2 


65 

F 

34 

+15 

140 

8,5 





thyroid 





23 


35 

Nervon* ?hyper 
thyroid 

Nervous Phyper 
thyroid 

Nervous Phyper 

+ 9 

224 

74 


197 



+ 10 

241 

6 S 





+16 


67 













Nervous Phyper 
thyroid 

Nervous Phyper 

+ 5 

298 

66 




S3 

+ 2 

231 

5 J 





thyroid 






CardtoreiuU disease 

Hypertensive vascular disease All cliniaana 
are famihar with the difficidty sometimes expen 
eaced in distwguisbing between cases of hyperth)- 
roidism and hypertensive vascular disease. In 
many instances there is a superfiaal similanty be 
tween the two conditions, but occasionally partiai- 
larly when the basal metabolic rate is elevated, the 
differential diagnosis becomes very difficult mdeed. 
It seemed possible that a determination of the 
blood iodine m conjunction with the serum choles 
tcrol and basal metabolic rate might be of aid m 
differentiating between them. 

No satisfactory information on the blood lodme 
level in h 3 ^rtensive vascular disease is available, 
A number of reports m the German literature mdi 
cate a hypenodemia m this condition (7 9 to 12), 
while one mvcstigator (13) reported that a nor- 
mal level was the rule When an elevated hlood 
iodine \vas found the increase did not parallel the 
nsc m basal metabohe rate (11) In the presence 
of congestive heart failure from whatever cause 
the blood iodine was reported high (7) or normal 
(14) Digitalis ^vas obser\ed to produce a sharp 


drop m the iodine level (7) In a few cases of 
renal failure an elevated blood lodme ivas found 
(13, IS) 


TABLE rV 


Blood uxUns in kyptrUnsive disease 


Cm 

Sax 

Asa 

CSnlcal pkfairt 


Non- 

jTOtcla 

zurocMi 

Baaal 

maUbo* 

■orala 

aatwol 

Blood 

lodtoa 


F 

U 

iS 

F 

F 1 
F 

F 

F 

47 

it 

7« 

eo 

U 1 

u 

49 

TmpurHnf Ttr»»Tila 

CirdUe tallQra 
Oortnurx tknunboak 
CanlM falhoa 

Canfiu uSura 
Cardlu faOara* | 

TTaariarW* tadDilla 

0 ^ 

■#«. 

tSofx. 

U 

u 

34 

IT 

35 

40 

11 

ya eoi 

fii 

-(-w 

+a 

■CM. 

XU 

371 

344 

lU 

417 

m 

311 

3S3 

■UT^ 

fTOU 

iSoec. 

19 

AS 

A4 

4J 

Al 

1.7 

3A 

Vl 


Atiftci 


X7» 

44 


* Aho bad non toxic adenoma of thyroid 


The blood iodine \vas determmed m 8 patients 
\vith hypertensive vascular disease (Table IV and 
Figure 1) The only basis for selection was the 
diagnostic difficulty afforded by alb In each, hy- 
perthyroidism had been considered a possibilitj 
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The chnical picture \'aricd Thu^, in 4 patients 
there \ congc^tuc heart tailure, in 2 instances 
ll ere Imd been a coronar) thrombo:jib , and there 
ua:> 1 cue each oi impending uremia and se\ere 
headache with retinal clianges 

The ba^al metabolic rate uns distinctl} ele\aited 
1.1 5 of the 7 patients on whom the te^t was made 
Thu, oi course, u not cliaractenstic of all senes 
oi case:> ot hvpertcnsue \’ascular disease, and it 
should again be empliasized tliat the patients m 
this particular group al! suggested m some way 
the diagnosis of h\perth}roidism 

The serum cholesterol wois high in half the 
cases 

The blood iodine \alues are of mterest In 5 
patients the iodine level in the blood fell within the 
lower hall of the nonnal range In 3 cases there 
was a h>poiodcmia There was no correlation 
between the blood iodine level and the clinical pic- 
ture presented b} the patient, the basal metabolic 
rite, or the senim cholesterol Digitalis had been 
given to 4 patients but, so far as could be inferred, 
It liad had no particular effect m lowenng the 
blood iodine The 2 patients in this group with 
the highest blood iodine values had received digi- 
talis, the 2 patients with the lowest levels had not 
been given the dnig None of the cases had re- 
ceived qumidine or potassium iodide In one in- 
stance (Number 52) some bromide had been 
given 

It should be noted tliat the average patient in 
this group with hvpertensive vascular disease had 
a basal metabolic rate of 30 per cent, a serum 
cholesterol shghti} above normal at 278 nigm , and 
a blood iodine of 4 4 micrograms which is at the 
lower limit ot normal 

0//ir IiLurt disiase For companson, a group 
ui S jxiiients with rheumatic, s>phihtic, or arterio- 
selcre>tic heTin disease was studied (Table V and 
Figure 1) Sin of the patients had congestive 
1 cart lailure and 2 liad aneurvsms Digitalis had 
been given to 5 cases 

Tile bosal metabolic rate had been determined 
in onlv 4 ot the group It w*as normal in each 
in^ ai ce ard the average ot the 4 determinations 
Os — 1 per Cent 

In contrast to the hvpertensive group, the serum 
eroVs'ero! ..as above normal in onh 1 case The 
avenge ^cn^m e^oVsicrol was 200 rngm. as com- 


TVDLE V 


Blood iodine in miscellaneous cases of heart disease 








Sod- I 

Doaol 



Caje 



Edoloiy 


Did- 

talb 

pct>- : 

me- 

^um 

Blood 

Sex 

V£t 

Clmkai picture 

tciu 

tobo- 

chol- 

lo- 





iiitro- 

Uc 

citefol 

dice 







C«a 

rate 









V<T 

100 cc 



nwre- 



1 

1 



1 

j 

fxr 

rent 

P*r 
too ce 

prasii 

per 

loo cc 

54 i 
87 1 

M 

F 

32 : 

33 

Syphilitic 

RLnimatlc 

Vneurj'^a 
Cardiac failure* 

0 1 
0 


- 1 

213 

272 

70 

7 1 

2U 

F 

47 

RheumaUc 

Coniiac failure* 

+ 

35 

+ 3 

m 

0.0 

152 

F 

52 

S^*ptulitio 

ConEoc failure 

+ 

40 

201 : 

53 

2oO 

F 

72 

ArUrio- 

Coniiac failure 

+ 

35 


130 

10 




icIeroUc 







51 

F 

24 

Rheumatic 

Coniuc failure 

+ 

30 

+ 12 

132 

44 

120 

M 

28 

S^ikhUitio 

Aneui^-om 

0 

20 

170 

3.0 

107 

F 

I 30 

Hiieumatic 

' Cardiac failure 

+ 

1 

32 


210 

1 3.0 


Vvero^ 

i + 1 

200 

54 


* Also had non toxic thyroid adenoma 


pared to 278 mgm in the patients with hyper- 
tension 

In 6 cases the blood iodine was normal In 1 
patient it was lowered slightly, and m the remain- 
ing case there was a definitely low blood iodine 
The average for the group was 5 4 micrograms 
compared with 4 4 micrograms in the hypertensive 
cases 

TADLE VI 


Blood iodine in glomerular nephritis 


Caic 

Sex 

Age 

Non 

pro- 

tein 

nitro- 

gen 

Baial 

me 

tabo- 

lic 

rate 

Serum 

chol 

eaterol 

Blood 

Iodine 

Remarkj 

171 

104 

204 

F 

M 

F 

27 

14 

50 

mzm 
per 
100 cc 

22 

35 

49 

per 

cent 

-13 

-14 
— 22 

mem 

per 

100 cc 

189 

446 

890 

mirro 

per 

100 cc 

3 8 

30 

28 

acute rheu 
matic fever 
Acute nephritis 
Nephrotic stage 


NepJintts Blood iodine determinations were 
made on 3 patients with glomerular nephritis (Ta- 
ble VI and Figure 1) While this senes is too 
small to permit sweeping conclusions, it is of in- 
terest to point out that (1) the basal metabolic 
rate wois low in all, (2) the serum cholesterol vva:> 
markedl) elevated in 2 and normal in the patient 
vMth active rheumatic fever, and (J) the blood 
iodine was uniformly low These findings are, of 
course, the same as thoi^e seen in hypoth> roidism 
Discussion Although the case^ here reported 
are few and lurther v^ork is nece:)Sar>, it seeni> 
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probable th at the finding of a low or low normal 
blood lodme associated with normal or elevated 
serum cholesterol may be of clmical value m rul- 
ing out a thyroid component in patients with hy- 
pertension and an elevated basal mctabohc rate- 
This IS particularly evident when those cases with 
recent congestive heart failure m the hypcrthyroid 
(Cases 25, 39 67) and hypertensive (Cases 1, 161, 
172, 207) groups are compared 


— 1 

BtsaJ 

mctaboUc 

1 rtte 

Cholefterol I 

1 


p4r c*nt 

rngm. 

MKrogramt 

Hypcrthyroid 

-fM 

135 

19 9 

Hypertensive 

+26 

211 

4 1 


In heart disease other thai^ hypertensive, the 
blood iodine also tends to be low but this tendency 
IS not as marked as m hypertensive vascular dis 
ease and the basal metabolic rate and serum cho- 
lesterol are normal 

Leukemia 

In a preliraumry report (16) it was pointed 
out that, m a group of 17 patients ivith leukemia 
it was usually possible to dififercntiatc between the 
myeloid and lymphoid types on the basis of the 
blood lodmc values The myeloid group tended 
to show a low level of iodine m the blood while 
m the cases of lymphatic leukemia the blood iodine 


was either normal or considerably elevated. An 
additional 12 cases have been studied, and the re- 
sults confirm the original conclusion. The total 
group of 29 patients mcluded 12 with myeloid and 
17 with lymphoid leukemia 
The results obtamed on study of the myeloid 
cases are shown m Table VII The blood lodme 
ranged from 1 3 to 7 4 micrograms was below 
normal in 9 cases (75 per cent) and the average 
for the group was only 3 4 micrograms In 3 pa- 
tients the 10 dm e values were wthm normal limits 
In one of these (Case 149) it ^va3 4 1 micrograms, 
which IS at the lowest limit of normal The high 
cst value obtained \vas 7 4 micrograms in Case 16 
This patient had myeloid leukemia beyond reason- 
able doubt, but because he left the hospital shortly 
after the test was performed the determmation 
could not be repeated Case 133 who also had a 
normal blood iodine level was studied at the time 
of a complete spontaneous remission of the leu- 
kemic process when no evidence whatever of leu- 
kemia could be found although her local physician 
reported that he had found a leukemia blood pic- 
ture several months previous to hospital admission. 
Six months after discharge an abnormal blood 
count ivas again discovered and the diagnosis of 
myeloid leukemia was confirmed 
The spleen was enlarged m all patients except 
the one last discussed All the cases were anemic 
and had elevated white blood counts VTith abnormal 
leukocytes in the stained smear, again wth the ex 


TABLE vn 

Blood todtne tn myelotd UuJtemta 


Can 

Sex 

Ace 

Duration 

ot 

■ympiomc 

DonUJoa 

ol 

tlwrapy 

Red 

blood 

cells 

White 

blood 

ceBs 

Imma 

tore 

white 

blood 

cellj 

Basal 

metabo. 

Ucrmia 

SenKH 

cb^ 

esteml 

Blood 

lodl^ 

lolanral before death 

16 

133 

149 

75 

41 

241 i 
190 
164 1 
215 
58 
13 
73 

M 

F 

M 

M 

M 

M 1 
F 

M 

F 

F 

F 

M 

27 

54 

57 

30 

32 

59 

51 

55 

56 

56 

52 

42 

3 yean 

5 week* 

6 month* 

6 month* 

8 month* 

1 year 

1) months 

2 month* 
10 week* 

4 yenn 

5 yean 

1 

3 yean 

0 

0 

0 

? 1 
0 

0 1 
0 

6 week* 

2 yean 

3 yean 

wtUliaut 

29 

54 

2 1 

3-5 

4 1 

4.5 

1 8 

2JS 

2J9 

44 

3 1 
5J 

tkcMUmds 

13 0 
5J 
23 6 
155 0 
104 0 
850 
90Z 
26J 
169 0 
280 
47.5 , 
114 0 1 

H 

etr enU 

+33 

+30 

+31 

+38 
+31 1 


miax>- 
tr*ms p<T 
100 a. 
74 

4.8 

4 1 

39 

34 

34 

3.0 

28 

2.8 
2.5 

1 7 

IJ 

5 month*. 

Living at 1 year 

5 n'cela. 

Living at 14 month*. 
Not followed. 

Living at I month 

6 week* 

1 week- 

Lhnng at 3 month* 
Living at 4 month* 

3 month*. 

Living at 20 month* 


Average 

+33 

150 

D 




















522 


r.i:SNHTn B Tt^NER, ARLENE DEL.VM KTER AND WILLIAM D PROVINCE 


TVBLE MU 


Blovd tcdinc tn lymphoid leukemia 


CatA 

1 ii-cx 

! ! 

\ic 

D:xrat an 
of 

i>fnr orr^ 

Duration 

of 

Che apy 

Red 

blood 

ceRj 

WTutc 

blood 

cclU 

L>mph 

ocyicf 

Riaul 
metabo- 
lic rate 

Scrum 

chol 

cstcrol 

Blood 

iodine 

Interval before death 

7 

i 

M 

1 

56 

6 months 

■I 

nuViOrtj 

39 

l\ciusanJj 

43 0 I 

per ceni 

86 

per cent 

+45 

per 
too cc 

220 


3 weeks 

SI 

M 

69 

6 Vtccks 


40 

13 0 ! 

33 

+30 

72 

17 8 

Not followed 

44 

M 

64 

2 \car3 


5 1 

59 0 1 

88 


340 

14 2 

7 months 

15 

F 

47 

2 >cari 


1 4 

12 0 

90 

+31 

191 

13 3 

6 months 

9 

M 

56 

2 jears 

1 >car 

46 

66 

68 

+67 

185 

ll 8 

Living at 8 months 

113 

F 

25 

11 months 

0 

34 

56 0 

95 


262 

11 2 

Living at 1 year 

ijS 

M 

73 

18 months 

0 

46 

90 

55 

+42 

100 

10 5 
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40 

M 

61 
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1 month 

3 7 

1 310 

79 


195 

93 

Living at 4 months 

5 

M 

56 

6 months 

0 

45 

1 45 0 

92 


216 

86 
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2 weeks 

14S 

M 

(A 
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0 

1 34 

449 

; 37 


169 

7 7 

203 

F 

75 

6 months 

6 months 

! 43 

55 

18 


192 

5 7 

Living at 5 months 

242 

M 

19 

4 months 

0 

1 69 

88 0 

75 

+27 

312 

56 

4 weeks 

175 

M 

23 

3 months 

2 weeks 

^ 1 9 

331 0 

97 

+25 

174 

53 

1 month 


F 

63 

2 > cars 4- 

1 6 months 

38 

33 0 

93 

+56 

280 

5 2 

6 months 

4 

M 

75 

15 months 

? 

49 

90 

70 

+ 19 


4 7 

Luing at 2 years 

56 

M 

55 

2i >ears 

2 years 

50 

19 0 

70 


:^375 

46 

Living at 1 i years 

53 

M 

56 

7J >cars 

6 years 

38 

50 

43 

+54 

129 

43 

Living at 1 J years 







A\erage 

+40 

213 

93 



ccption of the patient in remission The basal 
metabolic rate was dibtinctl} cle\ated ranging from 
+ 30 per cent to 38 per cent m the 5 cases m 
which It was determined The serum cholesterol 
tended to be low It ranged from 62 mgm to 206 
mgm , and the a\erage tor the group was 150 
mgm 

As» ma> be seen in Table VII, there is no rela- 
tionship between the blood iodine le\el and the age 
or scN ot the patient, the duration of s^anptoms, 
the amount ot radiotherap} , the red blood count, 
the white blood count, the percentage of immature 
cells, the ba^al metabolic rate, the serum choles- 
terol, or the length of life subsequent to the 
anahiis 

The blood iodine determination was repeated m 
3 patients Case 75 w^as found to ha\e a blood 
iodine of 3 3 micrograms 14 months after his 
onginal examination had showm a le\el of 3 9 
micrograiTU Ca^e 13 ro^e m months from 
IJ* to 3 0 micrograms, and Case 73 w*a^ constant 
at 1 3 and 1 1 micrograms during 5 months 

It should perhaps be no ed that Ca^e 164, here 
irdudtd a^ m\cIod leukemia, w^a:^ classified b} 
tl e pathologist at aatopsv as an example or mono- 
cy c kukemn 

Tne data on the 17 oaiients with hmphoid leu- 
kcT a a^e gi%en in Tabk \ III With a tew ex- 


ceptions the blood count was high and the per- 
centage of lymphocytic cells was increased The 
majority of the patients were anemic With two 
exceptions (Cases 148, 203) there was palpable 
lymphadenopathy associated in a majority of in- 
stances with splenomegaly 

The basal metabolic rate was determined in 10 
cases and was ele\^ted m all It ranged from 
19 per cent to + 67 per cent, with an a\erage 
of 40 per cent 

The serum cholesterol varied w idcly Al- 
though the average value of 213 mgm is normal, 
individual determinations ranged from 72 mgm to 
375 mgm If the normal range is assumed to be 
approximately from 160 to 250 mgm, it will be 
noted that in 3 cases there was a hypocholestero- 
lemia and m 5 the serum cholesterol was above 
normal The latter is of some interest in view 
of the consistent elevation of the basal metabolism 

The blood iodine also vaned over a wide range 
but, whereas in the myeloid group 75 per cent of 
the cases had sub-normal levels of iodine m the 
blood and 25 per cent were normal, in the lymph- 
oid leukemias 59 per cent (10 cases) were normal, 
41 per cent (7 cases) were above normal, and not 
a single ca^ae had a hypoiodemia The range of 
blood iodine values was from 4 3 to 17 9 micro- 
grams, and the average was 93 micrograms 
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A study of the data presented in Table VIII 
shows no other apparent difference between those 
patients with an elevated blood iodine and those 
with normal values. Again, as m the myeloid 
group, there is no relationship behveen the blood 
iodine level and the age or sex of the patient the 
duration of symptoms or of therapy the red or 
white blood cell counts the percentage of lympho- 
cytic cells the basal metabolic rate, the serum 
cliolcsterol, or the subsequent durabon of hfe. 

Repeated determinations were made on 1 pa- 
tient (Case 4) Two months after the blood 
iodine w'as found to be 4 7 raicrograms, the test 
was repeated and the iodine found to be im 
chang^ at 4 6 microgranis Thirteen months 
later a third deterramabon showed a nse to 5 6 
mi crogr ams with an associated mcrease m white 
blood count to 32000 from 9 000 cells 

An elevated blood iodine was found m 2 cases 
of lymphosarcoma. One of these subsequently 
developed a leukemic blood picture Five addi 
tional cases of lymphosarcoma had blood iodine 
values well withm the normal range. 

In 6 cases of Hodgkin's disease the blood 
lodme was normal in S and slightly elevated m 
1 (10 6 micrograms) 

Ten cases of neoplasm of various sites wth 
widespread metastasis were studied A surpns- 
mgly wide vanabon m blood lodmc levels was 
found In a case of carcinoma of the stomach 
and one of unknown ongin the blood iodine was 
low (2 6 and 3.8 micrograms) Normal values 
were found in 5 cases in which the primary site 
was the stomach (2 cases), adrenal cecum and 
unknown In the remammg 3 cases the neoplasm 
ongmated m the breast kidney and stomach and 
a hypenodemia ivas demonstrated (15 0 200 and 
32.2 micrograms) 

Discussion As was stated before (16) the 
cases of leukemia with blood iodine determma 
bons reported m the literature are not more than 
half a dozen m number It has been assumed 
apparently that the level of blood iodine ivas gen 
crally mcreased m both types of leukemia In 
creased blood lodme values have been reported in 
myeloid leukemia (17 19 20) and m the lymphoid 
type (7, 17 19) A normal value was found m 
1 case of myeloid leukemia (19), and Stevens 
(21) usmg a method closely resembling the one 


employed m this work, reported a normal blood 
lodme in 1 case of lymphoid leukemia. 

The contrast between the lodme range m the 
blood of the 12 myeloid cases and the 17 m the 
lymphoid group is well shown in Figure 1, and 
on comparison of Tables VII and VIII In only 
2 cases "was there any ovcrlappmg of the two 
groups In both these instances pabents with 
myeloid leukemia had normal blood lodme values 
Both have been previously discussed In 1 no 
explanabon for the discrepancy could be adduced 
the other pabent was m a spontaneous remission 
without any evidence of leukemia 

In both groups there was a complete lack of 
correlabon between the blood lodme level and 
various other dmical features In both groups 
there was an mcrease m the basal metabolic rate 
The average \vas slightly higher in the lymphoid 
group (+40 per cent as compared with + 33 per 
cent) The serum cholesterol m this group was 
also higher The average m lymphoid leukemia 
was 213 mgm while m the myeloid type it was 
ISO mgm an abnormally low figure. The stnk- 
mg difference between the bvo groups however, 
was m the figures for the blood lodme. The 
average for the group of pabents with myeloid 
leukemia was 34 micrograms compared with 9 3 
raicrograms for the lymphoid group 

SUMMAKY 

1 The blood lodme of 20 normal males livmg 
m New York Gty ranged from 3B to 8 6 micro- 
grams with an average of 5.9 raicrograms 
T^^enty normal females had blood lodme values 
varying from 3 5 to 104 micrograms and averag- 
ing 6B micrograms Although a considerable 
vanabon occurred in the blood iodine level of 2 
individuals no seasonal trend could be demon 
strated. 

2 The normal range for tlie blood lodmc \vas 
arbitrarily set at 4 0 to 10 0 micrograms 

3 In 20 cases of hyperthyroidism the blood 
iodine was elevated m 14 (70 per cent), normal 
m 6 (30 per cent) In 4 of 5 cases of non toxic 
adenoma the blood iodine was normal while m 
the fifth pabent it ^vaa low In 5 cases of hypo- 
thyroidism the blood lodme ^vas low normal or 
low The iodine level in the blood was elevated 
in 2 cases of thyroidibs normal m 1 case of car- 
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cn o la of the thjroid, and normal in 6 neurotic 
icmalc5 T1 ere u*as no correlation between the 
b^ocxl ic<iine level and the scrum cholcijtcrol or 
ha>al metabolic rate within each of thciC groups 

4 In h}pcrtensnc v^a^icular disease the blood 
icdme was low or low nonnal and the serum 
cholesterol w'as normal or even high when the 
Ixi-al rretabohe rate wa^ increased It was sug- 
gested that these findings would aid in difleren- 
tnting lupcrtcnsive vascular disease from h^^^er- 
th>roidisni In heart disease other than hyper- 
tensive the blood iodine tended to be low, but the 
scrum cholesterol and basal metabolic rate were 
normal 

5 In 12 cascs of m}eIoid leukemia the blood 
iodine was abnormally low in 75 per cent, normal 
in 25 per cent The range was from 1 3 to 7 4 
microgranu, with an average of 3 4 micrograms 
Contrasted to this, m a senes 17 patients with 
Ivanphoid leukemia, the blood iodine was nonnal 
in 59 per cent, high in 41 per cent, and low m 
not a single instance The range was from 4 3 
to 17 9 micrograms and the average was 9 3 micro- 
grams With the exception of 2 cases — 1 in a 
spontaneous remission — there was no overlapping 
oi the i\\o groups 

The authors are indebted to Dr Kenneth R McAIpin 
lor his aid in securing blood samples from the leukemia 
patients reported m this paper 
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There are several theories of the pathogenesis 
of urate * accumulation m patients with gout A 
disturbance of eliminabon of this substance by the 
kidneys is probably the most popular This has 
been challenged however m a previous coramuni 
cation from this laboratory (1) since it appears 
to be inconsistent with certain experimental data 
Whether or not this theory is valid it deserves 
serious consideration because urates as naturally 
occumng end products of punne metabolism are 
disposed of by the body largely by excretion 
through the kidneys If one pursues the hypothe 
SIS to a logical conclusion any defect of ehmma 
tion might be inhcnted or it might be an acquired 
phenomenon following damage to the functioning 
imits of the kidneys 

The accepted theory (2 3) of renal physiology 
m man assumes that urates are present m glomeni 
lar urme as are other ultrafUtrablc substances and 
reabsorbed m part by the cells lining the tubules 
If the kidneys were pnniarily at fault m the 
gouty diathesis, accumulation of urate might be 
attributed either to (a) a reduction of the number 
of functiomng glomeruli or (b) an mcreased re- 
absorpbon by the tubules Both of these phe^ 
nomena arc partially susceptible of quantitative 
analysis now that improved methods for the study 
of kidney function are available 

A presentation and discussion of kidney func- 
tion data, as determined by fi\c experimental pro- 
cedures are contained m this comraumcation 
These mclude tests for the excretion of substances 
normally present m the body such as urea, crea- 
timne, urate, sodium and chlonde and for the ex- 
cretion of foreign substances introduced paren 
terally such as phenolsulphonphthalem neo-iopax 

I Tha investigation was supported in part by a grant 
from the Com Industrie* Research Foundabon, 

3 The term urate is preferable to uric aad m a consW 
craUoo of acid base equilibnura of biological media just 
OS chloride is preferable to bydrochlonc acid and p^s 
phate u preferable to phosphoric acid. 


and inulin Studies were made of normal persons 
and of piatients suffenng from diseases other than 
gout as well as of pabents ivith classical goiiL 
The action of drugs used therapeubcally in the 
treatment of acute and chronic gouty arthritis ivas 
investigated 

SUBJECTS 

Thirly-onc person* acted a* experirocntal subjects. 
Twenty two were afflicted with gout six were patients 
with dUeaac* other than gout three were normal per 
sons. The patients with gout were selected without re- 
gard to extent of duease or duration of symptoms It 
was necessary only that the criteria for the diagnosis of 
gout were satisfied (1 4 5) and that the patients con 
sented to hospital admission for study All except K. He. 
were male* Their ages vaned from 28 to 81 year*. 
Each patient had bad two or more attacks of acute arth 
nUs and on two or more occasions the concentraUon of 
fasting scrum urate had been greater than dO mgm. per 
100 cc. Osseous or cartilagenous tophi were suspected 
from the roentgenogram m thirteen. Subcutaneous tophi 
were present in seventeen, AU the patients seen during 
an acute attack of arthritis bad responded to full doses 
of colchicine. Renal stones composed largely of urate* 
had been passed by seven. A summary of the dmical 
data for each patient with gout Is given in Table I 
Several of the patients have been described in previoas 
commumcation* (16 7) Identical mitials refer to the 
same patient. Four men and four women, none of whom 
showed impairment of kidney function, acted as control*. 
Their ages vaned from 20 to 54 years, A normal mulin 
clearance (greater than 95 cc, per minute) and a con 
centration of fastmg serum urate less than dO mgtn, per 
100 were observed m each control subject. One 
woman with advanced Bright s disease and malignant 
hypertension completed the group of controls 

UCTHOD3 

AU of the data were collected while the subject* were 
m the metabolum ward of the Massachusetts General 
Hospital The patients with gout were allowed, during 
the period of observation, a low punne diet oootainmg 
about 70 grams of protem 90 grams of fat and 300 
grams of carbohydrate. The control subjects consumed 
the usual hospital diet which was moderately low m 
punne. The five methods of studymg renal function 
were (a) determmatioo of nooprotem nitrogen of the 
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T\DLE I 


Summary of dimcal ohscr-ai ons on tu:o 

paiienis xHh gout 
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Dura 

uon 

of 
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loms 

Sc\ cniy 
of 
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urate 
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X ny 
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urate 
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m^m 
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100 cc 




E Dw 

3 

Minimal 

10 0 




S Co 

3 

Minimal 

U 9 



4- 

FTo 

1 

Minimal 

98 




H Wa 

30 

Extensive 

64 


4“ 


LMu 

6 

Moderate 

93 





3 

Minimal 

89 




PLc 

5 

Minimal 

78 



4- 

M Co 

19 

Minimal 

92 

+ 



I Co ! 

5 

Moderate 

11 5 1 

+ 


4- 

WGB 

27 

Extensive 

83 1 

4 - 

+ 

4- 

W Da 

44 

Extensive 

11 7 i 

-h 

4 " 


PFa 

12 

Moderate 

87 , 

-f 

4* 

+ 

LSi 

12 

Minimal 

82 

+ 



J Go 

6 

Minimal 

79 




FNa 

10 

Extensive 

14 0 

+ ! 

4- 


J Sm 

21 

Extensive 

97 

+ 

4- 


JCo 

41 

Moderate 

10 4 

+ 

4- 


\ Cas 

26 

Extensive 

113 

4- i 

4- 


ACa 

38 

Extensive 

89 

4- 

4- 


CCr 

12 

Moderate 

10 4 

+ 

"h I 


A De 

9 

Exten:>ive 

92 

+ 

4* 

4- 

K He 

35 

Extensive 

92 

4- 

+ i 



scrum, (6) te:>txng abiht> to concentrate solids, (c) meas- 
uring excretion of phenolsulphonphthalem d>e, (d) pye- 
lograph> after intravenous injection of nco-iopax, and 
(t) estimation of rate of clLarance of mulin, creatinmc, 
urate, sodium and chloride. 

Prior to Jul> I 1938, urme concentration tests were 
done b> a flight modification of the overnight method 
described b> Fishberg (8) We have arbitrarily set 
1 022 as the looser limit of normal After this time, ex- 
cept for I Co , S Co , and J Situ the * 37-hour test ” 
(9) was Used, CoTTcction oi specific graMt> tor albunvuv 
v.'as made. Under these conditions normally functioning 
kidncvs arc able to concentrate to a speafic gravity 
greater than 1 028, Fractional phenolsulphonphthalem 
tests were done according to the method described b> 
Chapman and Halsted (10) Intravenous p>elograpb> 
tollowed the standard techmque 

Qearance tests for inulm creatmme and urate, and m 
some pauents sodium and chloride were periormed simul- 
tajQeOusl> The procedure outlined by Shannon and 
Smith (11) was loUowctL Inulm was chosen because its 
excretion is believed to be an accurate measure of glo- 
merular filtration (3) Creatmme data arc included al- 
tho«i,h evidence suggests that this substance is excreted 
b> tubolcs as well as m the glomerular filtrate. The 
e’earance tests arc reported as cc. oi ftasnui cleared per 
ma*ute ord arc corrected to a standard bod> suriacc area 
01 173 r-eters The cleararce data represent an 

avera^^e oi at ’cast 3 per ods In some pat ents as nian> 
as 9 per ods were s ui cd. Good a^reeircnl between the 


successive periods was obtained The tests were besun 
while the subjects were in a basal statu No lood, lluid 
or acmit> was allowed trom 7 00 ocicvk m the o tiling 
before the test until 7 00 o clock m iht morning on iht 
da> of the test During the hour loUowmg 7 00 anu, 
2,000 cc ot tap water were ingested 

Inulm (Pfanstiehl and Compan>) was prepared as a 
10 per cent solution by heating m 09 per cent sodium 
chloride in water Immediately before use it was jiassed 
through a Seitz filter (12) Prior to July 1, 1938, 50 
grams of inuhn were injected intravenousl> 15 minutes 
before the collection oi unne and blood specimens was 
started. After that date 16 grams were gnen 15 mm 
utes before the first collection period and an additional 
7 to 9 grams were given by a slow infusion throughout 
the collection periods Before June 1, 1938, 10 grams of 
creatmme were given orally 90 mmulcs before collection 
of specimens was begun, after that date 3 grams were 
given mtravenouslj just prior to the muhn A few 
^'reactions*' occurred. Headache and chills were en- 
countered most frequcntl> No untoward symptoms per- 
sisted longer than 24 hours It was concluded that no 
serious hazards accompanj this method of parenteral 
admimstration of creatmme and mulm 

All unne specimens were collected by a urethral catli- 
eter We have relied on the conclusion of Hajman and 
associates (13) that bladder washings do not mcrease 
sigmficantly the recovery of urine if the technique of 
catheterization is faulty The unne collection periods 
were timed b> a stopwatch They were usuall> 10 min- 
utes m length In some of the first tests the> varied 
from 10 to 20 minutes Three or more consecutive col- 
lection periods were made m one morning A blood 
sample was taken at the half wa> mark m eacli period 

Blood samples for determination of electrolytes were 
collected under oil The tubes were centrifuged imme- 
diately The urine samples were diluted to proper vol 
umc within 30 minutes after colleciion Inuhn was csti 
mated from an iron filtrate of plasma (14) by the 
difference in the concentration of reducing substances 
before and after acid hydrolysis (\5) Creatmme 
determined according to the method described by Folm 
and Wu (16) . urate accordmg to the method described 
by Benedict and Behre (17) , sodium according to the 
method described by Butler and Tuthill (18) Serum 
chlonde was determined according to the method de- 
scribed by Keys (19) and unne chloride accordmg to 
the method described by Harvey (20) 

experimental results 

ItiitUn and creatinine clearance and routine 
clinical tests 

The patients with gout (Table II) v ert divided 
into 3 groups according to their ability to ckar 
plasina oi inulm Group normal kidney tunc* 
non with inulm clearances of 95 cc or more per 
minute. Group II, moderate disturbance of kidnc^ 
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tunction with inulin clearance:> between 55 and 
75 cc per minute, and Group III, i>L\cTc dis- 
turbance ot renal lunction with inuIin clearances 
below 45 cc per minute In moi>t tests a ratio 
of approximate!} 1 13 was observed between 
inulin and creatinine clearance^ 

There were nine patientb m Group I Their 
agtD e'aried from 28 to 59 years All except 
H \Va had a systolic blood pressure below 150 
and a diastolic presbure below 100 mm Hg The 
blood pressure of H Wa was 160/90 Four 
patients only, E Dw , S Co , il Co , and I Co , 
V ere able to excrete a urine w ith a specific gravity 
of 1 022 or greater in the o\emight test F To 
was unable to reach the minimum nonnal level 
of 1 029 in the 374iour test ” All except L Mu 
excreted more than 25 per cent phenolsulphonph- 
thalein dye within 15 minutes after injection 
The serum nonprotein nitrogen was less than 35 
mgm per 100 cc in all patients Intravenous 
pyelography^ was performed in all except E Dw 
The excretion of neo-iopax was prompt in each 
instance Patient H Wa showed kidney shadow s 
which were behe\ed to be smaller than normal 
According to his history he probably had had a 
mild attack of Bright’s disease ( ’ acute glomerular 
nephritis) as a young man P Le had had a 
urate stone remoeed from the left kidney pelvis 
one month before admission to the metabolism 
ward The finding of an indistinct pelvis on the 
left has been attnbuted to trauma at operation 
and subsequent diminution in capacity Thus, 
while all patients in this group showed normal 
kidney function by the inulin and creatinine clear- 
ance tests, only four showed nom'ial function by 
all ot the tests Inability to concentrate urine 
maximally appears to be the first indication of 
renal impainnent m patients with gout 

There were nine patients in Group II Their 
ages \*aned trom 31 to SI years Fi\e patients, 
W G B P Fa , L Si , F Xa , and J Sm , had 
a nonnal blood pressure Two of the remaining 
tour J Go, and A Cas , with slight and mod- 
erate e!e\'ation oi systolic pressure, respectnely, 
had liad attacks ot hypertensue encephalopathy 
and ele%'ation ot systolic blood pressure o\er 200 
mm Hg \ll patients showed an inability to 
co^eentrate unne maxunally The specific graM- 
tics» ranged trom 1 OIS to 1 009 Only three pa- 
X ciUb P Fa , J Go , and F Xa , \ ere able to 


excrete more than 25 per cent phenolsulphouph- 
tlialem m 15 minutes The concentration of non- 
protem nitrogen m the scrum was within normal 
limits in all Neo-iopax was injected intrave- 
nously in each patient except W G B Only 
two pyelograms, those of F Na and J Sm were 
interpreted as normal P Fa showed prompt 
excretion of dye but the right kidney was small 
and shadows suggestive of stones were \isible 
bilaterally in the calices W Du , L Si , and 
A Cas exhibited indistinct or incomplete filling 
of the calices, and J Go indistinct kidney pelves 
J Co showed a slight delay in the excretion of 
the dye 

There were four patients in Group III Pro- 
found impairment of renal function w"is present 
in all The ages varied from 42 to 72 years 
Three of the four showed an elevation of sys- 
tolic or diastolic blood pressure The specific 
gravities m the concentration tests varied between 
1 013 and 1 008 The excretion of phenolsul- 
phonphthalein dye in 15 minutes was 6 per cent 
or less The concentration of serum nonprotcin 
nitrogen varied between 45 and 70 mgm per 100 
cc Following the injection of neo-iopax m A 
Ca the left kidney was not visualized, the right 
kidney excreted the dye promptly C Cr had 
small kidneys bilaterally, on the right there was 
dilatation and blunting of the kidney pelvis The 
pyelogram of A De , taken after nght-sided 
nephrectomy, showed a small amount of dye ex- 
creted by the left kidney at the end of 2 hours 
K He had small kidneys with slow excretion of 
dye All of the patients had an albuminuria which 
varied from one plus to three plus 

Qearance studies on the controls are given m 
Table III Eight exhibited normal renal func- 
tion, I e J, the clearance of inulin v\as greater than 
95 cc per minute H Me , suffering from ad- 
vanced Bnght’s disease, had an muhn clearance 
of 8 5 cc per minute 


Urate clearance 

If urates are filtered completely by the glo- 
merulus (3, 21, 22) and rc*absorbed partially by 
the tubules (23), then the percentage of filtered 
urate appearing in bladder urine is measured by 
/ urate clearance \ ^ Likev/ise, 

\inuhn clearance/ 


'he ratio 
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/. urate clearance \ 

I 1 j ; . X 100 expresses the per- 

\ inulin deanuice/ ' ^ ^ 

centage of filtered urate reabsorbed by the tubules 
Such observations on the nmc gouty subjects in 
Group I Table II and on the eight control subjects 
in Table III with normal kidney function are simi 
lar In both groups approximately 10 per cent of 
the urate which crossed the glomerular membrane 
appeared m the bladder unne , 90 per cent ^vas re 
absorbed. It is concluded therefore, that a normal 
urate clearance is approximately 10 cc, per minute. 
The gouty patients in Group II showed a moder- 
ate reduction m urate as well as in mulm clearance. 
The averages were 6 5 cc and 68 cc, per mmute 
rcspccfavcly The reduction in urate clearance ap- 
peared to be related to reduction in inulm clearance 

,, , /urate clearance \ ^ , ./vx i 

as the ratio ( — ; ) X 100 was only 

\inuhn clearance/ 

slightly greater than that m Group I It is pos 
sible that W Da and J Sm, did not have a dm 
resis sufficient to produce a maximura excretion of 
a threshold substance such as urate. The urate 
clearances m these t^vo patients, therefore, were 
probably lower than might be produced under 
better experimental conditions 
The four patients with severe unpairment of 
renal function (Group III) showed an average 
urate and mulm clearance of 6 8 and 24 cc re 
spcctively The average value for the ratio 
/urate clearance \ i/vx i 


hence tubular reabsorption decreased to 72 per 
cent H Me (Table III) was the only control 
studied who had terminal Bright s disease. The 
urate clearance on this patient was 7 5 cc, per 
mmute More than 88 per cent of the filtered 
urate ^va3 excreted m the unne and less than 12 
per cent ^vas reabsorbed 

The relationship between mulm clearance and 
percentage tubular reabsorption of urate is shown 
m Figure 1 It is apparent that progressive renal 
damage m gouty as well as m non gouty patients 
18 assoaated with an mcrease m urate excretion 
relative to glomerular filtration. The percentage 
reabsorption of urates by the tubules is not de 
pressed however unbl tlie mulm clearance is dc 
creased below 50 cc, per mmute or approximately 
one-half of the normal rate. Only when glomeru- 
lar filtration is reduced to a negligible amount does 
retention of urate from failure of renal excretion 
assume pathological significance. 

Action of drugs 

The effects of cmchophen m therapeutic 
amounts on the clearance of mulm urate sodium 
and chJonde are given in Table IV Two grams 
of anchophen were given orally m divided doses 
on the day before the clearance tests were done 
and an additional dose of 0 5 gram each was given 
at 6 00 and 7 -00 on the morning of the test The 
clearances of mulm sodium and dilondc were un- 
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60 65 70 75 80 85 90 95 100 

PER CENT OF URATE REABSORBED 


Fia 1 Relationship Between Inulw Clearance and Percentage Tubular Readsorption 

OF Urate 

cliangcd following the ingestion of this quantity each cinchophcn experiment was decreased from 
of cinchophen Urate clearances, howe\er, were the \alue observed during the control experiment 
increased significant!} Four patients wuth mod- Sal}rgan wxis given intravenousl} on two occa- 
crate reduction of renal function, F Na , J Go , sions to F Na and on one occasion to J Sm 

L Si , and \ Cas , showed urate clearances which (Table V) Neither patient suffered from acute 

were two- or threefold greater than during the gout following the administration An increase 
control penod R J, one of the non-gouty pa- in urate clearance was observed in all experiments 
tients who was given cinchophen, showed a similar The urate reabsorption decreased from approxi- 
incrcose The percentage of urate reabsorbed mately 90 per cent to between 30 and 50 per cent 

ironi tie glomerular filtrate decreased ironi 90 Salyrgan was given to J Sm 3 hours before the 

cent without cinchophen to between 62 and 75 clearance tests were started A, satisfactory urine 

{ cr cent with anchophen The patients with se- flow was obtained although the diminution m mu- 

vere renal damage, A De and C Cr, showed hn clearance w^ appreaable The clearances of 

''light increases in urate clearance alter ingestion urate, sodium, and chloride were increased several 

oi cinchophen, although the per cent reab^jorbed fold In the first experiment on F Na. the clear- 

b} the tubule^ »va:a similar to that of the other ance data were collected 10 hours after the ad- 

].2 lens The ^erum urate concentration during ministration ot the drug A diuresis of 2 liters 
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TABLE IV 


Adujtt of anckopiun 


Pitieot 

Date 

SeruJn 

onue 

Cc. oI clured per minute. 

Aveni* of S pcTix>da 

j 

/ yiattde>w\ 

\ lacUackarmncey 

Ifrdidne flven 

InoUn 

^ Urate 





mtm. 









! 

1 




ftr uni 


FNa, 

January 16 1939 

\ 14J) 

68 


1 23 

190 

900 


FNa. 

January 30 1939 


65 1 

157 

0 61 

1 10 

75 8 

3 grama dnehophen 

JGo 

June 21 1938 


69 1 

8J 



880 


JGo 

June 24 1938 

60 

74 1 

18 0 



75.5 

3 grama cinchophen 

LJSL 

December 9 1938 

82 

71 

6.2 

0 91 

1 60 

91J 


LJSl 

December 15 1938 

50 

74 

16 6 

1 69 

2.50 

77 8 

3 grama clncbophcn 

A Caa, 

November 11 1938 

IIJ , 

56 

7.5 , 



866 


A^Cai 

October 27 1938 1 

6J 1 

S3 j 

201 



62 2 

3 grama dnehopben 

A Dc 

November 22 1938 

9J 

25 

9J 

223 

3 IS 

630 


A.De. 

December 2 1938 

74 1 

28 

13 4 

3.39 

490 

543) 

3 grama dnehopben 

CCr 

May 12 1938 


29 

5-3 



820 


CCr 

June 4 1938 

7^ 

23 

64 



71 7 

3 grama cinchopben 

R,T 

January 4 1939 

46 

lOi 

12 4 

1 88 ^ 

283 ^ 

89 0 


RJ 

January 12 1939 

24 

102 

29J 

143 

2 58 i 

710 

3 grama cmchophen 


m excess of the usual output was noted The 
unne Bow was reduced at the time of clearance 
studies although the customary amount of water 
was mgestei The small unne flow and decrease 
m clearances of muhn, urea^ sodium and chlonde 
suggest that certain aspects of the diuresis had 
passed before the test ivas started The second 
experiment on F Na. was considered the best one 
to illustrate the relevant tubular effects Salyrgan 
was given 3 hours before the tests Qearanccs of 
inulm and urea were similar to the control ex- 


periment Unne flow and clearance of urate, so- 
dium and chlonde were mereased many fold. 
These data are difficult to interpret Salyrgan 
may preapitatc an attack of acute gout (4 24) 
and no therapeutic claims have been made for it 
m this malady Inspection shows however, that 
its effect on urate clearance is similar to that of 
anchophen. 

Five patients were given 5 mgm, each of crystal- 
line colchicme (Table VI) m divided doses during 
a 24-hour period pnor to the test This is an 


TABLE v 


Aetton of joiyrfflB 


Petknt 

Date 


Semm 

Cc. of nkimi cleared per minute. 
Avenue of 3 period# 

/. Urate de*raac*\ 

MedJdoe sirtn 

ormte 

InnHn 


Urate 

1 
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Chlo- 
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InaUa«Se*raiic# / ^ 
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u. \ 







P*r ant 
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FJfa. 

FJ^a. 
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Tuuary 16, 1939 
Febnurr 13 1939 
Fcbruair IS 1939 

Febrn»ry2i 1939 

9.6 1 
5 6 
3J 

16J 

I 

6« 

67 

SS 

69 

43 

23 

46 

rn 

7 1 

37 7 

33J> 

lJU 

1 -sa 

0-33 

13 70 


90J0 

894 

314 

52J ' 

2 cc. MlrTfAiL 10 pmi., 
Ftbruery 10939 

2 cc. falyrau, 7>45 mo., 
Febroary 21 1939 

I. 30. 

J. Sm. 

Ifarch 34, 1939 
April 3 1939 

1 7 
13.6 

■ 

67 

37 


3.5 
23 6 

0B5 

11 60 

9033 

307 

2 cc. aaljTnn, 7145 amin 
Aprils l?39 


* Serum urate was 14 mgnu per 100 cc, on the previouf day 
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TKDLE \T 


iciion of cckhuinc 


Pu eel 

Dale 

Cc of pLu 
per minute 
of J p 

Inulin 

nu ckojcU 
A\*cra4c 
criodJ 

i 

Lraic 


Medicine given 





PfT CfHt 



November 11, 1938 

56 I 

75 

86 6 


\ Cas 

November 12, 1938 

56 ! 

S 1 

85 6 

5 mgm colchicme 

J Ca 

June 28. 1933 

62 

5 1 

t 91 8 


JCo 

June 30 1938 

64 

60 

1 906 

5 mgm colchtcme 

PFa 

June 17. 1938 

72 

95 

86 9 


PFa 

June 19, 1938 

80 

11 1 

86 1 

j 5 mgm colchvcmc 

LSi 

December 9, 1938 

71 

62 

91 3 


LSi 

December 13, 1938 

68 

63 

1 906 

1 5 mgm colchicine 

A De 

November 22, 1938 

25 

93 

630 


A De 

November 28. 1938 

26 

90 

66 0 

5 mgm colchicine 


a\erage therapeutic amount used by us m the treat- 
ment of an acute attack of goutv arthritis and is 
cfFectue m most patients No significant change 
in inuhn or urate clearances was observed It is 
ajiparent that the beneficial effect of colchicine is 
not accompanied by any demonstrable change m 
urate clearance 

niSCLSSION 

This stud\ of renal on patients with 

gout confirms man> clinical observations (25, 26, 
27) The coiistanc) of the results b} the 5 meth- 
ods employed is satistactor} Eighteen of the 
twem\-two patients m Table II show some limita- 
tion of renal lunction The inability to concen- 
trate solids maxmialh (2S) appears to be the first 
evidence of failure In Group I, five patients 
with nonnal inuhn and creatinine clearance rates 
were unable to concentrate niaximall> In Group 
II, each patient had a lowered specific gravit> 
All oi the patients m Group III showed renal de- 
lenoratiun bv each or the tests As an approM- 
inatiun, it mav be slated that neither duration ot 
svmrkunu oi goutv anhntis nor degree of elev’a- 
t on of serum urate are the sole determining fac- 
tors III producing renal dvsiunctiom It is note- 
worthv tlu^ the age of the patient appears to be 
of secondarv imuortance and longevni} ma> not be 
impaired 

on uf J urttnosderosis have been as- 
socu cd *vuh a red-cuon m kidrcv luncticn (29) 


in various maladies It is pertinent, therefore, to 
consider their incidence in patients with gout In 
our senes only eight had hypertension, in each of 
these It corresponded to the benign rather than the 
malignant type (30) K He developed hyper- 
tension under observation but not until 3 )tars 
after laboratory tests was there severe impairment 
of renal function She had recurring cystitis and 
mild pyelonephntis, factors which probably con- 
tributed to the hypertension A Ca , on the other 
hand, also had had c>stitis but at no examination 
was hypertension noted A De had bilateral 
renal stones and a systolic blood pressure of 170 
mm Hg The other patients with hypertension 
gave no history of urinary tract infection nor did 
they have any signs or symptoms suggesting it 
The development of arteriosclerosis in patients 
with gout occurs probably'' earlier than hyperten- 
sion All OI the patients in Group II, vvhich in- 
cludes F Na, a man of 31. had sclerosis of the 
peripheral artenes Two of the four m Group 
III, A Ca and A De, showed similar changes 
Each of the three who were studied at necropty, 
J Sm , A Cas and A Ca , had renal arterioscle- 
rosis The narrowing of the lumina of the ves- 
sels in each patient was believed to liave been suf- 
fiaent to have reduced the blood flov/ through the 
kidneys Evidence of interference with the blood 
supply to the tubules through the afferent glo- 
merular vessels was seen in the microscopic sec- 
tions irom A Ca In J Sm and A Cas the 
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large renal vessels showed similar changes It 
seems reasonable, therefore, to attnbutc a portion 
of the reduction m kidney function m these pa 
ticnts to reduced blood flow (31 32) In six- 
teen out of eighteen patients who died with gout 
Brogsitter (27) observed a systobc blood pressure 
greater than 170 and a diastolic greater than 104 
Smcc his observations were collected late m the 
course of the disease we conclude that if hyper- 
tension occurs in gout it is a late manifcstabon 
secondary to prolonged renal damage and dimin- 
ished renal flow 

The deposition of urates in the kidney paren- 
chyma may be sigmficant m the production of 
renal detenoratiom In each of the kidneys which 
was studied at necropsy urates \vcrc visible grossly 
and microscopically The medullary portions 
showed the most extensive deposits In J Sm, 
and A Ca the coUectmg tubules showed many 
small urate calculi Most of these would be passed 
without produemg symptoms of unnary tract ob- 
struction , it might be the fate of others to develop 
into larger urate calculi Obstruction and infec- 
tion are possible scquellac. 

The terra nephritis has been avoided purposely 
m this discussion The pathological diagnosis m 
the three patients studied at necropsy %va3 chrome 
vascular nephnbs One should not quarrel about 
an anatomical diagnosis The use of the term 
gouty nephntis m descnbmg renal msufficiency m 
patients with gout is more hazardous Many re 
tain the term for late manifestations Our data 
show that most patients with gout have some ira 
pairmcnt of renal function It is likely that the 
impairment is irreparable, although the progres 
Sion appears to be very slow A better term than 
gouty nephntis would be renal impairment of 
gout ’ which cames with it no special ebologic 
imphcabons 

The term urate clearance has been employed 
rather freely m this discussion It implies and 
embodies a process similar to the clearance of 
other substances which are excreted by the lad 
n^s Inherent aspects of urate clearance include 
appearance of urates m glomerular filtrate m ap- 
proximately the same concentration as they exist 
m plasma, and absorption m part by contiguous 
cells as the glomerular filtrate passes through the 
tubular lumina This theory assumes that excre- 
tion of urates by the tubules does not occur The 


elimmation of urates by the kidney is of more 
than academic interest and once correctly defined 
possesses considerable ctiologic significance. Fu- 
ture thmking and mvestigation concerning the eti- 
ology of gout will not be dcfimtive until it is set- 
tled as to whether or not the kidneys arc re- 
sponsible for the accumulation of urates in patients 
with this malady It was hoped that this study 
would help in the solution of the problem That 
it has done but it has not clmched the argument 
It IS believed that our data show no differential 
mabihty of the kidneys to clear urate in gouty 
patients This conclusion however, is based upon 
certain assumptions the proof for which is not 
yet available 

The urate clearance data of Berglund and Fnsk 
(33) and Brjfchner-Mortenscn (34) were re 
ported relative to creatinine clearance and not rela- 
tive to inulm If muhn is used as the standard 
a normal urate clearance is approximately 10 per 
cent of glomerular filtration In gouty patients 
without impairment of renal function the urate 
clearance is similar In gouty patients with a sig- 
nificant diminution m glomerular filtration, as 
rtieasyred by inulm clearance a quantitative de 
crease occurs m the rcabsorption of urate by the 
tubules The amount of urate excreted daily 
therefore shows little or no diminution 

There arc at least three interpretations of the 
pathogenesis of depressed reabsorption. The cells 
of the tubules may be damaged and their efliaency 
lowered An all or none law for the func- 
tionmg of a nephron has not been demonstrated 
and it 13 likely that activity of a glomerulus and 
its tubule may be impaired without being com 
pletely destroyed If the pathological processes 
causing kidney changes were to progress rcab 
sorption m individual nephrons would approach 
zero Patient H Me, (Table III) with ad 
vanced Bright s disease illustrates this The mu- 
lin clearance uas reduced to 8 5 cc, per mmutc 
while the urate ivas 7 5 cc per minute Reabsorp- 
tion of urate from the glomerular filtrate was 
about 10 per cent instead of the normal of 90 per 
cent 

The second mterpretation utilizes the hypothesis 
advanced by Hayman et al (13) They have sug- 
gested that the failure of rcabsorption of urea m 
dogs with damaged kidneys may be attnHi»+i^ to 
increased urmc flow through the i 
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possible that retarded reabsorption ot urate m pa^ 
tents with impaired kidnejs maj be explained 
similarl} The abnormal data may represent the 
average of the combined filtration and rcabsorption 
of normal and partiall} damaged nephrons 

In discussing this subject with Dr S J Tliann- 
hauler, he has called our attention to >ct a third 
interpretation It urates were excreted m part b) 
the tubules, similar data might be obtained This 
assumption is plausible u the premise were correct, 
1 1 urates are excreted b> the tubules We behe\e 
that direct CMdcnce in mammals and indirect evi- 
dence m man docs not support this premise and 
lint the explanation, therefore, must be held m 
abeyance for the present 

The action of drugs on renal function concludes 
the discussion Cinchophen and sal^rgan depress 
tubular reabsorption of urate, with subsequent in- 
crease in urate clearance These changes ma> be 
demonstrated m patients with and without gout 
The} occur without significant cliange m inulin 
excretion Patients with ad\anced renal insuf- 
ficiencv, howc\er, do not show decreased urate re- 
absorption after cinchophen ingestion, as do those 
patients with little or no damage It is believed 
that cinchophen damages normall} functioning 
cells of the tubules and pre\ents rcabsorption of 
urate just as sal}rgan damages tubular cells and 
pre\ents rcabsorption of urate as well as of sodium 
and chloride Colchicine appears to have no effect 
on the renal excretion of urate The pharmaco- 
logical action of this drug in the treatment of acute 
or chronic gout is unknown 

SUMMARY 

Kidnc} tunction has been m\esiigated in twenU- 
two patients with gout The function tests in- 
cluded accepted clinical procedures as well as clear- 
ance ot inuhn, creatmme, urate, sodium and chlo- 
ride Eight subjects with normal kidnevs and one 
subject wTih terminal Bnght’s disease were used as 
controls Most of the gout} patients showed some 
evidence of renal damage The earliest change 
was inabiht} to concentrate solids In the absence 
of severe renal impairment, all except 10 per cent 
of the uralc^ which were filtered through the glo- 
n cruli Were reab:>orbed b} the tubules With 
sc ere renal impaim ent, rcabsorption of urates 
tre tubule:, was depressed and clearance tended 
to L-c maintained Xo constitutional infenonty 


of the kidne}s to excrete urate wtis demonstrated 
Cinchophen and sal}rgan caused a diminution m 
tubular rcabsorption of urate and an increase in 
urate clearance Colchicine did not appear to in- 
fluence the renal elimination of urates Kidinv 
changes in patients with gout arc bchcvcd to bt 
the result and not the cause of tlu metabohe 
dyscrasia 

The aulhorb acknowledge with thanks many helpful 
criticisms and suggestions by Drs D Bruce Dill, Waller 
Bauer, Homer W Smith, Siegfried J Thannhauscr, A 
Baird Hastings and Joseph M Hayman, Jr 
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A study of the speafic ^vity of unne can 
make no pretense to novelty The superiority of 
specific gravity determinations to uroscopy was 
pointed out by Cardinal Nicolaus of Cusa (Cusa- 
nus) in 1440 Leonhard Thumeysscr of Thunn 
physician to Johann Georg von Brandenburg esti 
mated the specific gravity of unne with a crude 
pyknometer (1576) and Methe (1727) devised a 
unnometer much like those m use today (13) 
The systematic study of the dcnsitj of unne in 
kidney disease was described by Blackall m 1820 
(6) who suggested that a low speafic gravity 
might be due to a dcfiaency of urea in the unne 
Bnght and his assoaates (9) as 'sv ell as Chnstison 
(10) Rayer (38) and Rees (39) gave increasing 
emphasis to its importance as an indication of the 
loss of concentrating power of the kidney Hed 
inger and Schlaycr (23) attempted to standardize 
conditions in order to obtain a unne of maximum 
concentration Moscnthal (33) Volhard (42) 
Addis and Shevky (2) Lashmet and Newburgh 
(28) and Fishberg (14) mtroduced vanous modi 
fications designed to simplify and mcrease the re 
liabihty of the concentration test Fishberg espe- 
cially has emphasued its chmeal value designating 
It as the most generally useful test of renal func- 
tion for the general practitioner 

Many attempts have been made to estimate total 
solids of unne from speafic gravity All such 
efforts to discover an exact simple relationship pre 
suppose either that each of the solids has the same 
effect per imit concentration or that the compost 
tion of the unne is always the same. Long (29) 
and Albarran (3) however pomted out the mark 
cdly different effects on speafic gravity of equal 
concentrations (by weight) of the prmapal con 
stituents of unne, Blohm (7) and Addis and 
Foster (1) concluded that no precise quantitative 
significance could be attached to the results of any 
method of estimating total sohds of the urine from 

1 Supported by a grant from the Commonwealth Fund, 


specific gravity measurements because of its van 
able composition. 

Pepper (35) found that, m normal subjects 
urea and chloride accounted for 50 to 75 per cent 
of the speafic gravity of the unne but that the 
ratio of urea to chlonde might vary considerably 
Similar studies by Ishuu (24) on Japanese sub- 
stantiated these findmgs Alving and Van Slyke 
(4), on the basis of theoretical calculations with- 
out actual determination of the mdividual constitu 
ents m a given unne postulated that three- 
fourths of the nse m speafic gravity above that of 
ivater ma> ordinanly be attributed to the mineral 
salts, and about one-fourth to urea with other or- 
ganic solids of relatively slight influence. This 
statement was made m regard to unnes of high 
gravity Unnes of low gravity were explained as 
being attnbutable in some cases to polyuna m oth 
ers to a low output of salts This emphasis on the 
gravity contnbubon of salts led these authors to 
conclude that the concentration test appears to 
measure chiefly the ability of the kidney to con- 
centrate mineral salts 

Waser and Thelcn (43) on the other hand be 
lieved that the constituents of the unne could not 
alone account for the speafic gravity and that 
volume effects or other physico-chemical phe- 
nomena would have to be mvoked in order to ac 
count for the ' residual speafic gravity (gravity 
unaccounted ifor by known constituents) Thar 
work raises an important question Is it necessary 
to postulate physico-chemical or other effects to 
explain the total unnary speafic gravity or is the 
gravity of any unne a simple additive function of 
the concentrations of its constituents? If the lat 
ter IS correct, then it should be possible to calculate 
the speafic gravity of a unne from its composition 

This study concerns the relationship of the spe- 
afic gravity to the composition of unne in normal 
subjects It attempts to provide an t 

following questions Can the sf 
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a complex dilute solution of inorganic and organic 
substances be calculated with accuracy^ Can the 
specific gravity of a normal urine be similarly cal- 
culated from analysis of its composition? Is spe- 
cific gravity a satisfactory index of total solids^ 

Specific gravity of complex aqueous solutions as 
an additive property of the contributions 
of the individual coiiipoiicnts 

When a solid is dissolved in water, a slight in- 
crease m volume occurs, but the weight of water 
displaced is much less than the weight of the solute 
entering into the homogeneous liquid phase, so 
that the resulting solution has a greater weight per 
unit volume than the water alone The mass per 
unit volume either of the solvent or of the solution 
IS defined as the absolute density Generali), 
however, the term “ dciisit) ’’ refers to the relative 
density, i e , to the ratio of the density of the solu- 
tion to the density of a standard (usuall) water) 

either at the same temperature 'iiore 

frequently, at 4° ^ 5 ^ In either case, tlie value 

obtained is commonly called the specific gra\it) 

tP 

D-^is the preferable value since it is iiunierically 

equal to the density at /°, ic , it is the weight 111 
grams per cubic centimeter at t° centigrade 

Since the terms “ density ” and “ specific grav- 

TAULli I 

Specific gravily Jaciors 

'JQ® 

Values to be added to the spe-cific gravity of \\atcr at ^ 

20 ® 

(0 99823) to give the speH:iric gravity at ^ of a 100 nulli- 

equivalent (or milh-molar) solution of the principal solutes 
found in urine 



1 

iDcremeat per 100 mEq per liter 

iDcrvmeat per 
10Oza5l 
per Uler 

Cl SO 4 H»P04 

IIPO 4 

UCOi CJIiOj 

Crea 

tiniue 

Urea 

Na 

000113 000042 0 00801* 

0 00675* 

0 00610 0 00117 



K 

0 00475 0 00700 0 00005* 

0 007U* 

000008 



NHi 

OOOICO 000388 000751 

000340 




C« 

0 00154 OOOGOS 0410SCO 





Mg 

0 00385 0 00003 



i 



ity " arc frequently rather loosely used, it should 
be empliasized that determinations of speafic 
gravity are of no value unless the conditions under 
which they were obtained are recorded 
In the following discussion, the portion of spe- 
cific gravity of a solution abo\e the density of 
water similarly determined has been defined as the 

jO 

Specific gravity incnmcnt For water, D ^ is unity 

tP 

and -D ii> the density at Thus for an aqueous 

solution, D^^lovD-^ — di (wliere dt is the 

dLiisUy of water at t^) gucs the specific grav- 
ity increment To be strictly comparable, since 

ZP “5 = X tlic specific gravity increment of 
a solution of gravity should be given by 


— 1 Rearranging this expression to 


Df^-d, 


oo(rw* 0 00103 

* Determined experimentally Other values calculated 
from density data of Landoldt-Bdrnstein and International 
Critical Tables 


t * Avwm I 44 1 1^1 11^ kino lU * 

“I U J 

shows that, since the numerator i^ small and the 
denominator appro\imatel\ iinit\ , the absolute er- 
ror introduced by using the simpler expression i:> 

20 ° 

slight In this study, D^~ is determined to the 

4 

fourth decimal place and the abo\e simplification 
affects the fifth decimal by less than fi\e units, so 

I 20° 

the expression D — 0 99S2 has been used to 
4 

determine the specific gri\ity increments 
Before studying the relationship between specific 
graiity and concentration of sofutes in aqueous 
solutions eontaining more than one dissoKed sub- 
stance, the effe^ets of the mdi\idual solutes were 
investigated 

From the density tables of Landoldt-Bornstem*:> 
Tabellen and the International Critical Tables the 
specific gravity increments of solutions containing 
100 milh-equivalents (or milh mols) per liter at 
20 ° were calculated, expressing the specific gra\- 
20 ° 

ity as D When the necessary data were not 

available or recorded values did not agree, the in- 
crements were determined expenmentally, using 
pyknometers of approximately 10 cc capacit\ 
Since the error m the determination of specific 
gravity is less than 0 0001 , the factors may be m 
error m the fifth decimal place but probably are all 
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acxurate to the fourth place* They are recorded 
m Table I 

Smcc spcafic gravity mcrcment vanes directly 
with concentration m the lower concentration 
ranges, the values m Table I may be used to calcu- 
late the specific gravity of a solution of any of the 
above substances in the concentration range found 
m unne (from 20 to 300 mEq per liter for the 
inorganic constituents and from 100 to 600 mM 

20 ° 

per hter for urea) Thus spcafic gravity ^ of 

1 per cent NaQ (171 2 mEq per hter) =099823 
-f (1712 X 000413) = 1 00579 The fifth dea 
mal figure is significant only m placmg the fourth 
figure to the closest unit 

Albarran s data (3) were denvcd m a like man- 
ner but calculated as grams of substance necessary 
to elevate the specific gravity 0 001 at 15° C when 
added to a liter of unne* Others (Addis and 
Foster (1), Pepper (35) Alvmg and Van Slyke 
(4), Ishizu (24) WHlis (44) Weiscr and Thclen 
(43), etc*) have made similar calculations 

In applying these factors to the calculation of 
the specific gravity of a strong solution or of a 
solution containing more than one solute the total 
concentration of solute becomes the limiting factor 
m the accuracy of the calculation* Thus, each 
factor in the above table is calculated to allow for 
the displacement of a certain volume of water by 
the molecules of the solute when the latter is pres- 
ent m relatively low concentrations (1 to 2 per 
cent) If this concentration is sufiSacntly in- 
creased or if other solutes are added the volume 
of water m one liter of solution becomes pro- 
gressively less and errors of mcreasing magmtude 
appear In the case of NaQ the calculated spe- 
afic gravity is m error by about 0 0004 at 4 per 
cent and 0 0010 at 6 per cent concentraticm* These 
values, however, are wdl above the concentrations 
of NaQ found m unne* The calculated specific 
gravity of a 6 per cent urea solution is m error 
by about 0 0001 From a similar consideration of 
the other factors above it may be estimated that 
the error m calculating the specific gravity con- 
tribuUon of a single substance in unne is 0 0001 
or less The use of factors based on molar rather 
than molal concentration chmmatcs the necessity 
of determining water content m each analysis 

Two imphcations are involved in applying sum 


TABLK n 

20 ^ 

CalcukUtd and oburved speafic irtxptUts of an 
arUficujl urtn* 


1 

CatmiitacBt 

CoaccnU«naa 

SpcdAc 

cmvlty 

IncmiKQt 


tramt ^ HUr 

fir Itkr 


Urea 

27723 

465 0 

0 00753 

Creatmido 

1 1 753 

15J 

000044 

KCl 

1 3 989 

53 5 

0 00254 

NaQ 

1 4.530 

77.5 

0 00320 

KH,PO, 

1 4 627 

J40 

0 00328 

NatHPO* 

' 07U 

7 2 

0 00049 

KiSOi 

2.030 

23J 

0.00163 

(NH<),SO< 

i273 

344 

0 00133 

Na C,H/), 

' 3 805 

46 4* 

0JX)194 

HC,H»0, 

Water 

1 0 144 

j 2 4* 

0.00002 

0 99823 

Specific gravity (calculated) 


1 02063 

Speci6c gravity (observed) 


17202 


* Acetate added m ■48 fl cc of N acetic acid -|- 46 4 cc- of 
N Bodium hydroxide to obtain the ratio of «alt to acid 
existing at pH 5 P 


lar calculations to more than one solute First, 
each individual substance must contribute its effect 
without mffuenang or being influenced by other 
substances , and second interchange of anions and 
cations must not affect the above factors 
A study of the latter assumption leads to an 
mteresting observation pomted out by Valson 
(41) A mixture of 100 mEq of NaQ and 100 
mEq of KjSO* in one hter of solution has a 

calculated specific gravity -^^099823 (H^O) 

-i- 0 00413 (NaQ) + 0 00700 (K^SOJ = 1 00936 
Such a solution may equally well be considered as 
containing 100 mEq each of KQ and Na^SO* 

In this case, specific gravity — 0.99823 (H,0) 

-f 0 00475 (KQ) + 0 00642 (Na^SO*)^! 00940 
The determined value is 1 0094 In other words 
the factor detennmed for each of the electrolytes 
m the above table is in rcahty a summation of two 
lomc factors each mdependent of the other Fur- 
ther study of Table I reveals that this is apparently 
a general phenomenon* The five cations hsted 
show differences m factors between Q and SO 4 
of 0 00229, 0 00225, 000222 0 00214 and 

000218 te for any given cation as sulphate, a 

20 ° 

100 mEq solubon has a speafic gravity at 
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TADLE HI 

Calculaled and observed specific gravity of urine after addition 
of salts and urea 


Substance 

added 

Coneca 

tratioQ 

SpcciGo 

Kra\-lty 

lacrciQcat 

of 

added 

fulsUoccs 

Spcclib gravity 

!"■ 

Difference 

(Colcu 

Uled— 

obserred) 

Calculated 

Observed 


mE<j (nSf) 
pir titer 






(Oriftlnal fpcclfio gra>ity of urlno — 1 0277) 


Urea 

4171 

000073 

10315 

1 0333 

0.0007 

NaQ 

205 4 

OOOSIS 

10302 

103u3 

aooo3 

KrSOr 

103 0 

0 00727 

1 03.^0 

10317 

00003 

KUtTOi 

102 0 

0 00003 

1 0373 

10373 

00004 


(Orkbial fpccifio pavity of urine •• 

lOI&j) 


Urea 

410.4 

000074 

10252 

10^10 

00003 

NaCl 

203.3 

OOOS18 

I 0270 

10235 

00005 

KrSOi 

103.S 

a00727 

lO^uS 

I 0234 

00001 

KUiPOr 

103.2 

0 00003 

102S5 

1 0270 

QJKM 


about 0 0022 higher tlian the same concentration 
of cation as chloride The ionic nature of these 
specific gravity cfFects is not quite so exactly 
apparent throughout the table, particularly with 
some of tlie pho:>phates This probably indicates 
partial ionization of the secondary and tertiar} 
hydrogen The cases where the agreement is 
poorest are those involving substances present in 
relatively small amounts m urine, so no attempt 
has been made to check these factors more closely 
In order to test the accuracy of specific gravity 
calculations of solutions approximating urine m 
composition, a number of artificial urines ** w'cre 
studied These were prepared by weighing the 
pure substances and dissolving them in water to a 
volume of one liter at 20° Table II shows the 
composition and the calculated and observed spe- 
cific gravities of one of these This was a duplica- 
tion of a normal urine, the composition of whicli 
had been determined by analysis, but the arti- 
ficial urine ” contained only those substances for 
which specific gravity factors were available So- 
dium acetate was used as representative of or- 
ganic acids The pH of this solution was 5 90, 
of the original urine, 5 88 

Five such “ artificial urines were studied with 
total solid contents ranging from 38 4 to 53 4 
grams per liter The maximum difference be- 
tween calculated and observed specific gravity w^as 
0 0007, the average 0 0004 
Another method of studying the applicability 


of the above specific gravity factors to solutions 
of mixed solutes is to dissolve a substance m urine 
of previously determined specific gravity Data 
from an experiment of this type are given m Table 
III A weighed amount of solid was dissolved 
m urine, made up to a volume of 100 cc , and the 
specific gravity was determined by pyknometer 
and compared with the calailatcd value 
The average difference of 0 0005 between calcu- 
lated and observed specific gravity is an indication 
of the approximate error involved in the calcula- 
tion, and compares with the value 00004 observed 
as the average in ** artificial urines " It represents 
the summation of the specific volume effects of the 
solutes The first part of Table III represents 
specific gravities about as high as will be encoun- 
tered in normal human urine, while the v^alues in 
the seHTond part are in the upper range of normal 
From this it may be concluded that the maxi- 
mum error in calculating the specific gravit> of a 
solution similar m composition to urine is less than 
00010, and more hkel} of the order of 00005 
If Weiser and Thelen's postulate (43) that a 
significant portion of the specific grav it} of unne is 
the result of volume contraction or otlier phvsico- 
chenncal effects be correct, these should dimmish 
as the urine becomes more dilute A concentrated 
urine in which such effects would be pronounced 
should on increasing dilution approach a straight- 
hne relationship between total coneentration and 
specific gravit} increment in the range of low spe- 
cific gravities although deviating significant!} from 
linearity at higher spe^cific gravities This was not 
found to be the case When a coneeiitrated unne 
was diluted with water specific gravit} increment 
was always a linear function of the degree of dilu- 
tion, at least within two units in the fourth decimal 
place 

Calculation of the specific gravity of nonual un/u 

Since the specific grwi> of a complex solution with 
a total concentration of solutes of the order of magnitude 
found in urine can be cilculatcd salisfactoril> when the 
composition of the solution is known, an attempt can justi- 
fiably be made to calculate the specific gra\it> of unne 
from analjsis of its major constituents 
Unne was collected from 0 normal nulc^ between the 
ages of 14 and 32. AH subjects were given a weighed 
diet for a week before colle'ctions began and remained on 
that diet throughout the collection period Two dicb 
were used “high” protein containing 100 grams or 110 
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grams, and “low protem cootaxmng 40 grams or 50 
grams daily The ranaindcr of the diet was adjusted to 
supply a total energy value of 2,300 to 3 OOO cal o r ics. 
The daily mgcstlon of salt was kept apprcoamately con- 
stant and the ^vater mtakc varied to yield unnes of spe- 
cific gravity from 1,003 to 1J328. 

Unne was collected over 24-hour periods in chemically 
clean glass Jan containing toluene and stored during the 
collection period m a refrigerator at 3 -5 C The analy 
ses were performed immediately following the close of 
the period. 

Urme volume was measured m graduated cylinders of 
appropriate sue, mvolvmg an error of leu than 1 per 
cent Specific gravibes were determined with a Wcstphal 

_ 20 

balance at 20* C, iiimg a bob cahlirated to give P 
By checkmg the balance from time to time, the maximum 
error m determination was kept below 0B002, Frotem 
as determmed by the Shevky Stafford method (37) was 
not present m sufficient quantity to affect the observed 
specific gravity 

Hydrogen lOO coacentraUons were detennmed m the 
earher experiments by the bicolor method of Hastings, 
Sendroy and Rohsoa (37) Later measurements were 
made with the Leeds and Northrup glass electrode as- 
sembly Number 7661-Al When values in the upper pH 
range were anticipated, the urine specimens were collected 
with precantiOD against loss of CO and stored under oU, 

The analytical methods employed were total nitrogen 
by micro KJeldahl urea. Van Slyke and Cullen or Van 
Slyke ammonia, aerabon and btrabon creatimne, Fohn 
colonmetnc uric arid, Benedict and Franke potassium, 
Kramer and Tiidall sodium, Butler and Tuthill chlondc, 
Volbard Harvey or Van Slyke and Sendroy sulphur (m 
organic, ethereal, and nentral) gravimetric methods of 
Folm and Benedict inorganic phosphate, Pmeus and 
Malot organic acids Van Slyke and Palmer carbon di 
oxide content. Van Slyke (37) total base, Wright and 
Allison (45) The sum of calciura and magnesium was 
calculated by snbtractmg Na + K from total fixed base. 
The rabo of HPO to H,P 04 was calculated from the pH 
Bicarbonate was calculated from the total COt by the 
Henderson Hauelbalch equation using the detennmed pH 
and the pK* calculated from total base content according 
to Sendroy Seelig and Van Slyke (40a) 

Total unne soUds were determmed by an appJicabon 
of the "cryochem proccu of Flosdorf and Mudd (15) 
Ten cc specimens of urine m glass evaporating dishes 
were froien m an alcohol'sohd CO| mixture and dehy 
drated for 24 hours in the frozen state in a vacuum dcsic 
cator over freshly dried granular calrlnm sulphate, osmg 
a Ccnco “ Hyvac pump. With control solutions 21-hour 
drying was found to be inffiaent to remove the water 
completely Duplicate unne samples always checked at 
the end of this period but, with coctmued exposure to 
the high vacuum, the urine residues showed a progressive 
slow loss of waght amounting to about 1 per cent every 
24 hours up to 96 hours. 

This method of drying while largely obviating errors 
due to decompoiibon of the coasbtuents of unne at higher 


temperatures, results m the lou of volable substances such 
as carbon dioxide from bicarbonate and vriatUe fatty 
aads. The continued removal of such substances is prob- 
ably largely responsible for the decrease ra weight after 
the first 24 hours. 

The aad base balance of the electrolytes and the 
nitrogen partition were calculated as checks on the 
accuracy of the determinations 

From the unne analyses and tlie speafic gravity 
factors (Table I) the mcrements of speafic grav 
ity contn*buted by each of the analyzed substances 
can be calculated and the stun compared with the 
observed total merement 

Three methods are available m handbng the 
salts 

{A) The vanous amons and cations may be 
combmed m any convenient way to form salts, 
and the salt concentrations used m the calculation. 
As previously shown the method of combination 
13 immatenal 

(B) The Na , K* and NH* ions may be par- 
titioned among each of the amons according to 
their percentages of the total cation. For this 
purpose Ca.^ -f Mgf^ are grouped with Na* 
This grouping of Ca** -f- Mg** with Na is jush 
fied, as can be seen from the specific gravity fac- 
tors of Table I Ca** has a slightly greater and 
Mg** a slightly smaller effect on specific gravity 
than Na and since they are present in roughly the 
same concentration both bang small the error m 
groupmg them with Na is shght^ 

(C) The anions may be considered as present 
entirely m the form of Na salts 

Methods A and B arc both somewhat tedious 
but yield the same result Method C which at 
first glance seems to be only a rough approxima 
tion, also gives the same value as or B This 
13 due to a fortmtous balancing of the K and NH^ 
concentrations and factors and presumably would 
not always hold If K or NH* concentrations de- 

* In a lufuc containing 30 mEq per liter of Ca + Mg 
(the maximum m our tcncf) the error m calculating 
specific gravity by coostdcring this fraction of catioa as 
Na would be — 00012 if it were all Ca and + 0.00008 if 
It were all Mg If pre»ent m the usual proportiotij the 
CTTon arc almost completely balanced. This would not be 
true m urmes where the cabofi distribution vanes greatly 
from the normal (low salt intake, nephrosis, etc.) In 
such cases Ca and Mg should be determmed as well as 
Na and K, 
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viate much from the normal, Method A or B is to 
be preferred 

Table IV illustrates the calculation of the spe- 
afic gravity of a mixed salt solution made up m 
approximately the same concentration as one of 
the normal urines It will be seen that the three 
methods of calculation agree quite closely and are 
well withm the limits of analytical errors 

The specific gravity of twenty normal unnes 
from subjects on the standard diets was calcu- 
lated by both Methods B and C, using the experi- 
mentally determmed concentrations of Na, K, and 
NH 4 for B Method B tends to give slightly lower 
values, but in no case does the difference exceed — 
0 0004 Fourteen of the twenty are identical or 
differ by 0 0001 , seventeen do not differ by more 
than 0 0002 

Where Na and K were determined, Method B 
was used throughout In some of the earlier ex- 
periments where these were not determmed, 
Method C was used 

The expenmental data from the first senes of 
experiments on 2 male subjects with normal renal 


function (ages 32 and 28) are given m Table V 
The subjects were ambulatory dunng the experi- 
mental penods but exerase was limited in order 
to mmimize salt and N loss by perspiration 
Since the acid-base balance involved eight analy- 
ses, a maximum difference between acidic and basic 
radicals of 10 per cent was arbitranly chosen for 
the selection of unnes for calculation of specific 
gravity In most instances, the error was less than 
5 per cent On high protein diets, the sum of the 
cations IS usually less than the sum of the anions, 
probably because the organic acids have been con- 
sidered to be present entirely as salts (t as an- 
ions) On high protein diets, pH is consistently 
lower due to mcreased excretion of the acid prod- 
ucts of protem catabolism In these more acid 
unnes, some of the organic aads may exist uncom- 
bined, amounting possibly to as much as 10 per 
cent at pH 5 0 (assuming an average pK of 40) 
and this nomonized fraction should not be used m 
calculating the aad-base balance Since this cor- 
rection cannot be accurately estimated, the organic 
acids have been grouped entirely with the anions, 


TABLE IV 


Comparison of methods for the calculaiion of specific gravity 


Method A 

Method B 

Method C 

Conatituent 

Concen 

tratloQ 

Specific 

gravity 

increment 

Constituent 

Concen 

tiatlon 

specific ' 
gravity 
Increment 

Constituent 

Concen 

tration 

Specific 

gravity 

Increment 


mEq p<rlit€r 



mEq ptr liter 



mEq per liter 



53 5 

0 00254 

KCl 

63 2 ! 

0 00300 1 







NH 4 CI 

19 6 

0 00033 1 





77 5 

0 00320 

NaCl 

482 

0 00199 

NaCl 

131 0 

0 00541 


233 

0 00163 


27 8 

0 00195 

j 




344 

0 00133 

(NHOi SO< 

87 

0 00034 



0 00370 



NaiSO* 

21 2 

0 00136 

Na,S04 

57 7 

KH,P04 

34 0 

0 00328 

KH 1 PO 4 

BB 

0 00158 






NH 4 H 5 PO 4 


0 00038 



0 00304 




NaH,P04 

mm 

0 00112 

NaH,P 04 

340 


IHHI 


K 1 HPO 4 

35 

0 00025 


■mm 

1 




(NH4),HP04 

1 1 

0 00004 



0 00049 

NaiHPO* 


0 00049 

NaiHP04 

2 6 

0 00018 

NaiHPOi 


HiO 

B 

0 99823 

HiO 


0 99823 

1 HiO 

B 

0 99823 

Specific gravity 

1 01070 

"Specific gravity 

1 01075 

Specific gravity 

1 01087 


Observed specific gravity “ 1 0108 


Method A Calculated according to composition as actually prepared 

Method B Cations distnbuted proportionally among anions (Na « 36 8 per cent, K — 48 2 per cent, NHi « 1^ « 
per cent of total cation ) 

jNIethod C Anions considered as being present entirely as sodium salts 
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TABLE V 


CoTfctniraUvru of major coKsititunU and aad-bau balance of tventy-tw unnesfrom 2 subjects on Urn and hsgh proletn dteis 


Sob, 

lect 

Vol 1 
ume 

Specific 1 

fr*Tlty 

1 

m 

Cre- 

Toul 1 
bwe , 

NK»I 

a 1 

SOi 1 

H 1 P 04 

KPoJ 

HCoJ 

Otxulc 

add 

3 

But 

1 

Sue- 
add ' 

Einx 


1 

u, ^ 

1 


mis \ 

mJLl 

prr 

liUf 

per 

lUtr 

1 

per 

Itltr 

"Bf 

per 

Uttr 

»S| 

mEe 

per 

lUer 

"E* 

per 

liUr 

mEt 

per 

liler 

mEi 

/{Ur 

per 

liUr 


per 

cent 


D (40 Gram protcm diet) Age 30 Ht 173 5 cm Wl 56 6 kgm 


a 

mm 

wmm 

6J 

983 

74 

Bin 

103 

61 6 

133 

11 6 

53 

1 

4 

23 9 

IBB 

RBI 

30 

23 

b 

415 

1 0233 

63 

296 0 

23 7 

3493 

26 6 

167 9 

541 

403 

23 2 

2 

0 

■tw 

376 1 

394 6 

-183 

-4 8 

c 

460 

10275 

67 

322 0 

213 

3283 

24 4 

1523 

45 0 

293 

453 

5 

0 

74 1 

352 7 

351 1 

1 6 


d 

725 

10162 

64 

1993 

15 4 

216 4 

213 

111 5 

28,1 

20 4 

14 9 

0 

9 

403 

237 9 

216 6 

213 

94 

e 

3240 


66 

51 9 

3,2 

58 7 

1 S3 

323 

61 

43 

54 

3 

1 1 

92 

643 

603 

34 

53 

f 

2790 

112^ 

63 

52 2 

3 8 

680 

1 

36 6 

1 

76 

68 

63 

2,8 


74 1 

1 

703 

1 

38 

S3 


D (100 Gram protein diet) 


n 

1000 

1 0238 

53 

396.0 

14,1 

274 7 

29 1 

1713 

543 

343 

1 8 

HI 


Bjif 

M 

1 2 

■H 


1010 

IJ0148 

52 

443 0 

114 

1903 

28^ 

1083 

531 

36.0 

10 

0 1 

408 

319 1 

3044 

14 7 

47 


985 

1 0275 

5 1 

472,0 

11 7 

2843 

306 

1893 

Kilo 

38 6 

13 

Ell 

32 8 

315 1 

323 1 

- 80 

-23 

mSm 

1000 

13266 

53 


13 4 

314,9 

296 

2153 

59 8 

33 7 

13 

ill 

KQO 

3443 

350 7 

- 63 

-18 

■■ 

3020 



IKtTil 

43 

mm 

160 

633 

18 7 

■DQ 

04 


11 1 

96 4 

mvl 

- 76 

-76 

HI 

3480 



146 0 

3 5 

92 1 

11 0 

663 

173 

97 

03 


11 1 

lElII 


- 1 8 

-1 7 


1640 

13136 

52 

3113 

86 

1533 

^11 

900 

34 7 

223 

U 

Bil 

213 

I73i> 

1703 

36 

2 1 

11 

1790 

I 0127 

53 

283 0 

73 

154,6 

19 6 

104 7 

33 3 

20 2 

10 

m 

263 

174 2 

185 3 

-11 6 

-64 




M (50 Gram protein diet) Age 28 

Ht ISO cm 

Wt, 723 ligm 




a 

890 


66 


18 6 

2553 

35 1 

1483 

39 I 

20 6 

24 8 

33 

43 1 


279 9 


I 39 

b 

580 


64 


23 1 


283 

1884 

45 1 

263 

19 2 

EO 

43 7 

329 7 

331 7 

- 20 

HQ 

c 

1980 , 


67 

1283 

77 

1243 

msB 

75 9 

143 

71 

103 

76 

173 

135 2 

133 7 

13 

1 1 

d 

1410 


66 

161 6 

103 

1493 

IS 1 

923 


mg 

113 

43 

230 

164 4 


23 

1 4 


M (110 Gram protcm diet) 


a 

1635 

HI 

57 

311 7 

93 

195 7 

26 4 

B!il 

383 

234 

33 

ISI 



2299 

- 78 


b 

1160 

13229 

57 

3963 

143 

265 1 

323 

205 9 

50 4 

27 7 

38 

06 



3213 

-23 6 

Bd 

c 

2350 

Hjinu 

63 

E^l 

63 

136 0 

14 1 

863 

263, 

12 7 

53 

EQ 


150 1 

149 6 

03 


d 

2920 

,iH 

5 7j 

1823 

56 

91 1 

13 ^ 

55 1 

213 

133 

1 8 



104 7 

106 81 

- 21 

Ba 


giving, m the more acid unnes a total concentra 
bon of acidic constituents bound to base sbghtly 
m excess of the amount actually present 

Usmg the factors given m Table I the specific 
gravity contributions of urea, creatinine, chlonde 
sulfate, phosphate and bicarbonate were calculated 
by Method C Data of the 2 subjects D and M 
are presented in Table VI In addition to these 2 
subjects, similar studies were earned out on 5 more 
individuals (subject M was studied again 6 months 
after the first experiments) The average per 
cent of specific gravity determined on the two pro- 
tcm diets IS given m Table VIL (Method B was 
used m calculations m the last four subjects.) 

In a person with normal kidney function on a 
relatively constant diet the specific gravity con- 


tributions of the substances enumerated above are 
fairly constant smoc they are for the most part dc 
nved from exogenous sources and durmg a 24- 
hour period will be almost completely excreted, 
provided tbe subject is m balance, Unne volume 
changes over normal ranges will not affect output 
appreciably , consequently these substances will be 
diluted or concentrated to the same degree and the 
specific gravity effect expressed on a percentage 
basis will remain constant Over a range of spe- 
cific gravity from 1 0030 to 1 0283 on either low 
or high protem diet the same speafic gravity pat- 
tern IS obtained 

On a high protem diet relatively more of the 
specific gravity can be accounted for the total av- 
eraging between 80 and 90 per cent, as compared 
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TABLE VI 

Calculctwns of specific gravity {method C) from data of Table 7, using factors of Table I 


Sub- 

ject 

cific 

gravity 

incre- 

ment 

Contributiona to specific gravity of 

Sum of 

specific 

gravity 

contri 

buUoru 

Per cent 
specific 
gravity 
deter 
mined 

Urea 

Per 

cent 

Creati- 

nine 

Per 

cent 

Naa 

Per 

cent 

NaiSO* 

Per 

cent 

NaHiPOi 

Per 

cent 

NaiHP04 

Per 

cent 

NaHCCh 

Per 

cent 

D (a) 

0 0098 


16 2 

0 00021 

2 1 

0 00254 

25 9 

0 00089 

9 1 

0 00104 

10 6 

0^36 

3 7 

0i)0009 

09 

0 00672 

68 6 


0 0301 

480 

16 0 

68 

23 

694 

23 1 

347 

113 

359 

119 

157 

5 2 

12 

0 4 




0 0293 

522 

17 8 

61 

2 1 

630 

21 5 

289 

9 9 

262 

89 

305 

10 4 

30 

1 2 


71 6 

(d) 

0 0180 

324 

18i) 

44 

2 4 

461 

25 6 


10 0 

182 

10 1 

100 

5 6 

5 

03 



(e) 

0 0048 

84 

17^ 

09 

1 9 

135 

28 1 

39 

8 1 

40 

B3 

36 

7^ 

19 

40 


75 2 

(0 ' 

0 0055 

85 

15 5 

11 

20 

151 

273 

49 

8 9 

61 

11 1 

43 

7 8 

17 

3 1 

0 00417 

75^ 


D (a) 

0J)256 


25 1 

0 00040 

1 6 

0 00708 

27 7 

0 00349 

136 

0 00311 

12 1 

0 00012 

fS 

0 00001 

■ 

0 02063 

806 


0 0266 

718 

27JO 

35 

13 

861 

32 4 

342 

12 9 

322 

12 1 

13 

in 

1 


0 02292 

86^ 

ic) 

0^293 

764 

26 1 

33 

1 1 

784 

26^ 

385 

13 1 

345 

11 8 

12 ! 

iH 

1 


0 02324 

794 

(d) 

0 0284 

815 

287 

38 1 

13 

890 

313 

384 

133 

301 

10 6 

12 1 

EtI 

1 


0 02441 

B6J0 


0 0082 

259 

31 6 

12 1 

1^ 

261 

318 

120 

14 6 

94 

11 5 

3 

0 4 

0 


0 00749 

914 

m 

0 0081 

237 

29^ 

10 

1 2 

273 

33 7 

112 

13 8 

87 

10 7 

2 

02 

0 


0 00721 

89 0 


0^154 

504 

32 7 1 

25 1 

1 6 

372 

24 2 

223 

143 1 


13 1 

3 1 

03 

1 


031334 

866 


0 0145 

459 

317 1 

22 ' 

1^ 

1 

433 

29 9 

214 

143 

181 

12 5 

7 

03 

1 

■ 

00U17 

903 


03)235 

03)0487 

20 7 

0 00053 

23 

0D0614 

263 

0 00251 

10 7 


73 

0 00167 

7 1 

0 00021 

09 

mm 

04)283 

575 

203 

66 

23 

778 

27 5 

290 

10 2 


83 

130 

4 6 

24 

03 

032098 

0i)098 

208 

213 

22 

22 

314 

32 0 

93 

93 


64 

73 

73 

46 

47 

0 00819 

0 0128 

262 

203 

29 

23 

381 

293 

228 

10 0 



82 

64 

27 

2 1 

0 00999 


M (a) 

1 

0 0189 

505 

26 7 

26 

III 

579 

1 

306 

246 

133 

209 

11 1 

22 

13 

05 

91 


843 

(b) 

03247 

642 

26 0 

42 

ill 

850 

34 4 

324 

13 1 

248 

103 

26 

1 1 

04 

ill 


863 

© 

03123 

364 

29 6 

19 

iB 

357 

29 0 

167 

13 6 

114 

93 

39 

32 

12 


ilillilrl'l 

87 2 

id) 

03098 

296 

303 

16 

19 

228 

233 

140 

143 

118 


12 

13 

03 

19 

030813 1 

833 


With 70 to 80 per cent on a low protein diet (Table 
VII) An increase m protein intake results in a 
greater output of urea, sulfate and phosphate 
without a proportional increase in water , that is, 
the normal human kidney seems to have the ability 
to ehminate successive increments of these sub- 
stances with some economy of water {cf Gamble 
(19) ) Their speafic gravity contributions neces- 
sarily become proportionately greater, except m 
the case of phosphate where the mcreased molar 
concentration may be offset by the decrease in 
eqmvalent concentration resulting from the shift 
from alkalme to aad salts at the lower pH values 

The chloride fraction of speafic gravity repre- 
sents % to % of the total In general, the chloride 
contnbution to specific gravity was slightly less 
with the high protein diet since the salt intake was 
only slightly mcreased 

Creatinme contributed only a small quantity (1 
to 2 per cent), which was defimtely less on the 
higher protem diet Smce creatimne is essentially 
a product of endogenous metabohsm and smce 
more sohds are excreted on a high protem diet, 
creatmme makes up a smaller percentage of the 
total 


Bicarbonate was variable but usually did not 
comprise a very sigmficant part of the total The 
excretion of bicarbonate is dependent on pH and 
CO 2 tension and at the acidity of normal unne and 
under a normal tension will not generally exceed 
10 mEq per liter (18, 40b) 

These data indicate that 70 to 90 per cent of 
the speafic gravity of the unne from normal sub- 
jects on varymg protein diets can be accounted for 
by chlonde, urea, sulfate, phosphate, creatimne, 
and bicarbonate Of these, chlonde contnbutes 
roughly 25 per cent, sulfate and phosphate to- 
gether 20 to 30 per cent, urea IS to 30 per cent, 
creatmme 1 to 2 per cent, and bicarbonate 0 to 5 
per cent Urea, sulfate, and phosphate, compns- 
ing the major denvatives of protein metabolism, 
make up a greater fraction on high protein diets 

The undetermined fraction of specific gravity 

The remaining 10 to 30 per cent of the speafic 
gravity unaccounted for on the basis of analyses 
IS a fraction of much mterest In speafic gravity 
units, it amounts to 0 0007 to 0 0061 on the high 
protem diet, and 0 0012 to 0 0089 on the low pro- 
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tein diet, the absolute magnitude depending on the 
total gravity Since it has been shown that in a 
solution such as unne mtenomc or other physico- 
chemical factors do not significantly affect specific 
gravity this relatively large undetcnmned fraction 
must be due to constituents of unne not deter- 
mined by analysis 

For a more detailed study of this undetennmed 
fraction another senes of mne normal unnes from 
4 subjects was analyzed The conditions of diet 
collection of samples analytical methods etc. were 
the same as for the previously studied senes In 
addition Na, K, tot^ solid, total carbon and ash 
were determmed The analytical data were 
treated by Method B (Table IV) for the calcula- 
tion of specific gravity The concentration of 
each substance analyzed was also expressed m 
grams from which the 24-hour output of deter- 
mined substances could be calculated and the sum 
of these compared with the total solid output 
The determmed 24-hour output was further di- 
vided into oi^^amc (urea creatinine) and mor 
game fractions and these were compared with the 


Meiiod of calculcUnt sptcifU ffoviiy 
oiUpvt of solids of UfiMo 

BobMt B (Uat u, mS) UMte. D- 

IfiOa inXq. per fitw 


and 


IbUJ bm 

K. MJ 
N*, ,, IHJ 
CH-Uf. tL$ 
AmMonlt US 


a lOAO ts£<t. per Bt« 

SOi. ita 

HtKW. 7 J 6 

HPOt li.7 

HCOt . lU 

U.S 

208AiiiEq.perli« 

207^ per 

TbUl loldj « U.1 enma per Bl« uh » <1.7 pv omU 

NHi- Wperoeat, K-So> per e«it, Ht+S+Ug - WJ per etot of toUl 

«eao«. 




Spfrtti 


flnhitjtm 

Cnac«Qlr*lloa 

fniTltT 

aemntnt 

Oatpqt 


wtXf ftrlUtr 


pir/Utr 

KQ , 

nj 

ODOUS 

0470 

Nad. 

17 

OBOOIO 

OOIO 

N»a 

ftU 

OOPWB 

1300 

EiSOt 

77 

OjOOOOI 

0071 

ssr 

JJ 

lAO 

OjOOOOO 

OLOOOOO 

0145 

U05 

KHjPOi 

fNHOHjPOt. 1 

NiHiPOC 

U 

0.7 

4.0 

000033 
OjOOOOO I 

OOOOU 

0311 

0081 

0003 

EiHPOi. 

(NHiHHE’Oi. 

NmHPO*. 

4S 

1 4 

t4 

000014 

OOOOOO 

000004 

04 IS 

0003 

0073 

KHCOi , 

44 

OOOQH 

0440 


IJ 

OjOOOOO 

0103 

8.7 

OjDOWI 

0731 


TABLE Vn 

Avtrate deUmttnod pcrcenlaie of speafic paotSy of unno 
from subjects on oarytni proUsn dtcis 



Nom 
ber 
of ob- 
mm- 
tloni 

NHio* 

cm 

OlitpQt 

Per cent of ipedfic crtivlty 
acoount^ for by 

ToUl 

1 




HCOt 

Crr- 

*tl 

nine 

I 


srdJmj 







prr 

CfMi 


40-50 Gram* protein diet 


m 

6 

4 

6* 

IZO 

42.4] 

6J 

lOJ 

3S 

1 6 

76,6 

D 

6 

S 

4* 

16.8 

25.3 

96 

16 9 

1 7 

2 1 

72 4 

M 

i 

8 

4 

20 7 

289 

10 I 

13 8 

1 6 

2J 

77 4 

Mt 

1 

9 

4 

234 

30 1 

lOi) 

10.3 

1.3 

20 

771 

L 

2 

8 

7 

20 4 

27 2 

10.3 

9Si 

5 4 

IS 

75 1 

B 

2 

9 

7 

21 4 

27.8 

9.8 

11 4 

47 

zO 

77 1 

K 

2 

11 

1* 

24 4 

22 8 

11 9 

13 0 

1.0 

2.2 

75J 


lOO-UO Grami protein diet 


Lom. 

7 

10.5* 

19 6 

36 6 

9 

9 

11.5 

1^ 

la 

807 

D 

8 

15 4 

29.0 

29 7 

13 

9 

12J 

00 

14 

86J 

M 

4 

16 6 

28 1 

29J 

13 

5 

12J 

OJ 

1 6 

SSJ 

Mt 

1 

16 7 

28J 

27J 

14 

2 

13 9 

OJ 

1 6 

85 7 

L 

1 

16 4 

30 2 

22.5 

14 

7 

14S 

0.5 

1.5 

84J 

B 

2 

17J 

29 7 

22 6 

13 

4 

13.8 

0.5 

1 6 

81 6 

K 

2 

17.5 

30J 

19J 

14.2 

14.4 

0.2 i 

17 

800 


• Not in nitrogen balance 
t Six naontli* after fint set of obaervationa. 


Sam of dahmilaed borcuh hUi IXOM 


1 

Um 

mU fttltUr 1 
33U 

I 1 

1 OOOU3 

1 11483 

Cnitfnini 


000033 

1 m 

Stan of dit*mlaid vpcaia 


14JBS 

Total. 

1 

001337 

3U7S 


Bpedfli gr»TltT cWtmilned - X 100 - HJ p« MU 

flofldt detnmloM - — X lOO - 7tJ p« eent 


U-Hoor o«t{nt; 

L TbUlMfiifa 
3. Detenclaad nidi 
t. UwltlvxihMd nBdi 
i. AA 

A PaittxalMd borpjiUnBdi 
fl. Qn^nBdi(T^nU*-utO 
7 Determined orgmii nlkb 


ta.1 X UM-OActeBi 
HA X lAaO-m ervne. 
i5A -IXO -ll.Acnint. 
OJITXU^ -lUtnmt. 
lU X UfiO-UAcresu. 
4AA -14.4 -tUerttns. 
14A X U«0->lA0cruiM. 


correspondmg values calculated from the total 
solid and ash determinations An example of the 
calculation is given m Table VIII and the data for 
all of the unnes m this senes arc summarized in 
Table IX 

The data of Table DC show the foHowmg rcla- 
tionships between the determined fraction of spe- 
cific gravity and the detenruoed sohd constituents 
of the unne 


(1) The per cent of speafic gravity accounted 
r by the major constituents of unne is 
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TABLE IX 


Ferctnlagc of specific gravity and total organic and inorganic solids determined by analysts of nine normal tinnes 


Sub- 

ject 

Date 

2-L 

Hour 

vol- 

ume 

Specific 

jfravity 

lucre 

ment 

ob- 

served 

Specific 

gravity 

incre- 

ment 

calcu- 

lated 

Per 

cent 

specific 

gravity 

deter- 

mined 

Total 

solids 

output 

1 

Deter- 

mined 

solids 

output 

Per 

cent 

deter- 

mined 

Ash 

per 

cent 

of 

total 

solids 

Ash 

output 

Deter- ! 
mined 
inor- 
ganic 
solids 
output 1 
1 

Inor- 

ganic 

solids 

per 

cent of 
ash 

Organic 

solids 

(total 

solids 

—ash) 

output 

Deter- 

mined 

or 

ganic 
solids 
output ^ 

Per 

cent 

organic 

solids 

deter- 

mined 



cc 

1 



tTQms 

grams | 



grams 

grams 


grams 

grams 



“High** protein diet 


M 

April 17 




86 0 

68 1 

55 8 

82 0 

31 8 

217 

230 

106 0 

46 4 

32 8 

70 7 

L 

April 18 

1585 

0 0176 


84 6 

65 8 

53 2 

80 9 

29 8 

19 6 

20 4 

104 1 

46 2 

32 8 

710 

B 

May 19 

1520 

0 0200 


80 7 

72 4 

57 0 

78 7 

27 2 

19 7 

20 5 

104 1 

52 7 

36 4 

69 1 

K 

1 May 23 
Average 

1445 


m 

1 78 4 
82 4 

1 68 8 

53 5 

77 8 
79 9 

261 

18 0 

18 6 


50 8 

34 8 

68 5 

69 8 


“Low" protein diet 


L 

April 24 

1300 

0 0155 

0 01094 


41 7 

30 4 

i 

72 9 

32 2 

13 4 

13 4 

100 0 

28 3 


601 

L 

April 25 

1430 

0 0144 

0 01151 

79 9 

43 7 

33 2 

76 0 

35 4 

15 5 

16 4 

105 8 

28 2 

16 7 

59 2 

M 

April 28 


0 0157 

0 01213 

77 2 

443 

34 7 

78 4 

33 6 

14 9 

15 2 

102 0 

29 4 

19 7 

67 0 

B 

May 25 

1260 

0 0163 

0 01260 

77 3 

45 5 

33 9 

74 5 

31 7 

14 4 

15 2 

105 6 

31 1 

18 6 

59 8 

K 

J 

June 1 
Average 

960 

0 0216 

0 01645 

76 2 
76 2 

47 7 

35 1 

73 6 
75 1 

30 7 

14 6 

14 3 

98 0 
102 3 * 

33 1 

20 9 

1 

632 

619 


almost identical with the per cent of total solids 
which these constituents compnse There is, 
therefore, present in unne a very appreciable quan- 
tity of solid matter, not ordinarily determined by 
analysis, but probably suffiaent to account for the 
remainder of the specific gravity if its composition 
and the speafic gravity contributions of the com- 
ponent substances were known 

(2) The determined inorganic solids include all 
compounds present in suffiaently high concentra- 
tion to have a significant effect either on specific 
gravity or on total solid content The calculated 
acid-base balances serve as a check on these analy- 
ses As a further check, the 24-hour output of 
morgamc substances is found to be 98 to 106 per 
cent of the ash content of the unnes, as determined 
by dry ashmg of the residues obtained in the total 
sohd determination Since this method of ashing 
produces httle change m the composition of these 
salts, ^ this agreement mdicates that the inorganic 

3 Dry ashing will not appreciably affect alkali or alka- 
line earth chlorides and sulfates There will be some loss 
of water from phosphates with formabon of metaphos- 
phates and decomposibon or volatilization of ammomum 
salts Salts of orgamc aads (which have not been m- 
cludcd m calculating the total output of inorganic sohds) 
will be converted to carbonate or bicarbonate and the 
cabons will largely recombine with the amons previously 
held by ammonia- The net result is a relabvely slight 


constituents have been practically completely de- 
termined The undetermined sohd is, therefore, 
orgamc in nature 

(3) Urea and creatinine account for only 60 
to 70 per cent of the total orgamc matter (total 
sohds-ash) Approximately 30 to 40 per cent of 
the orgamc conshtuents are substances not com- 
monly determmed m unne analyses and they may 
quite readily account for the 10 to 30 per cent of 
undetermined specific gravity 

(4) The absolute amount of undetermined or- 
ganic solids is 10 to 15 grams in the 24-hour 
unnes, slightly higher with high protein intake 
(Table X) 

Direct study of this 10 to 15 grams would neces- 
sitate the estimation of a great number of sub- 
stances excreted in the unne in amounts varying 
from a few milligrams to a gram or more per day 
Such analyses would be impracbcal and even im- 
possible on a smgle 24-hour specimen, consequently 
only the general nature of the undetermmed frac- 
tion will be discussed Table X summarizes the 
data for this fraction from the senes of urmes 
presented m Table IX 

One large group of compounds, the orgamc 

change m weight during the ashing so that the ash content 
of a unne may be used as a fairly accurate index of the 
mineral salts present 
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aads has been determined m all of the analyses 
and 13 recorded in Tables V and X This analysis 
IS essential m calculating the aad base balance but 
the contribution of orgamc acids to specific gravity 
has not been calculated since the individual organic 
aads are not suffiaently well known to make pos- 
sible the use of an accurate spcafic gravity factor 

Of the aads determined collectively as organic 
aads, uric hippunc and atnc are known to occur 
in appreciable amounts Of these, only unc aad 
has been determined, and its contribution to spe- 
afic gravity cannot be estimated since its physical 
state m unne is not known it frequently being 
present m concentration greater than its true solu- 
bility m water cither as free aad or as urate (36) 
Hippunc aad is found m appreaablc amounts 
(08 to Ingrams daily output (17 25)) and atnc 
aad may be excreted in amounts from 0^ to 1 0 
gram daily (8 34) However the excretion of 
these known aads can rarely exceed 3 0 grams per 
day, which is about 16 mEq or to of the total 
orgamc aad excretion determined by the method 
of Van Slykc and Palmer (37) If the unknown 
aads have about the same average equivalent 
weight as these three, the orgamc acid fraction 
could well amount to 6 to 10 grams per day or 
about half of the undetermined sohds 

A very rough idea of the general effect of or- 
gamc aads on speafic gravity may be calculated 
from the density data of the International Cntical 
Tables As sodium salts these aads have specific 
gravity factors of about 0004 to 0 009 per 100 
mEq per htcr averagmg about 0 006 This 
would definitely place them as comparable to the 
inorgamc salts in their effect on specific gravity 
(c/ Table I) Assuming the urinary organic 
aads to behave in a similar manner the 10 mEq 
per hter to 100 mEq per hter present might total 
00006 to 0006 in specific gravity iimts which 
accounts for about ^ of the undetermined frac- 
tion of specific gravity 

The fractions of sulphur designated as ethereal 
and neutral sulphur are hsted in Table X The 
former group contains sulphiinc aad conjugated 
with phenohe compounds such as phenol mdoxyl 
skatoxyh p-crcsol and possibly others such as py 
rocatechol and hydroqumone some of which may 
be weak enough aads to be at least partially de- 
terramed m the organic aad fraction The neut 


ral sulphur is present m a wide vanety of com- 
pounds such as cystine thiocyanates taurme de- 
rivatives oxyproteic acids, etc which are largely 
endogenous 

While some ethereal compounds of phosphoric 
aad are present m unne, the amount is so small 
as to comprise 5 per cent or less of the total phos 
phonis (30 46) This has been verified m some 
of the unnes studied and the amount of phos 
phorus represented by these compounds has been 
neglected 

Small amounts of fermentable carbohydrate arc 
present c\ en m normal unne but the total reducing 
power of unne is probably largely due to non- 
carbohydrate substances. Pigments are constantly 
present, about 75 mgra bang excreted daily (12) 
It IS obviously impractical to assign spcafic gravity 
factors to these and tlie multitude of other sub- 
stances which have been found m unne. 

From the data of Table X, the 24-hour output 
of undetermined C N and S can be compared with 
the output of undetermined solid Unc aad was 
detemuned in all of these unnes but was grouped 
with the organic aads which were not considered 
m calculating the speafic gravity Carbon makes 
up about 35 to 44 per cent of the weight, mtrogen 
5 to 10 per cent neutral sulphur 0 5 to 10 per 
cent and ethereal sulphur 0.3 to 7 per cent This 


TAOLB X 

Companson oj 24-hour output and comtvsiiton oj 
total and of undeUrmincd soltat 
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0403 
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lOJ 

440 
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0411 

040t 

39.0 

U 
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44J 

8Jl 

137 

OJ 

U4 

043 

0439 

0404 

3U 

B 

UtrXA 

418 

171 

180 

iLi 

4.U 

143 

0467 

0409 

4U 

K 

Job* 1 

ilJ 

ISl 

Ills 

114 

4J1 

141 

0401 

0474 

iU 


* Ethcftal ftulphor ocutnl »iJphur and orgaotc adds 
have been conaidered entirely wtb the oiwtennlned 
fraction of total solids. 
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corresponds to an atomic ratio of one atom of 
sulphur for 10 to 18 atoms of nitrogen and 73 to 
107 atoms of carbon ^ Such a calculation is obvi- 
ously of no value in determining the composition 
of any single constituent of the undetermined or- 
ganic fraction nor is it useful m calculating a spe- 
cific gravity factor for the unkno\vn fraction It 
does, however, permit the following comments 

(1) The undetermined fraction as a whole con- 
tains a smaller percentage of nitrogen than if it 
were composed entirely of protein degradation 
products If organic aads, which probably con- 
tain little or no nitrogen make up one-half or more 
of this fraction, the remainder might well approach 
the composition of protein fairly closely 

(2) Since sulphur makes up only about 1 to 

1 5 per cent of the undetermined solid, and the 
known sulphur-containing compounds in the unne 
have a relatively high percentage of this element, 
the actual weight of these compounds must be 
small " 

(3) The percentage composition of the undeter- 
mined fraction iiNthe 4 subjects studied on both 
low and high protem diets is remarkably constant 
The absolute quantity excreted daily is only 
slightly higher on tlife latter regime This slight 
increase may easily be due to the greater excretion 
of orgamc acids These facts indicate quite 
strongly that the undetermined substances are 
largely endogenous 

Dialysis of unne through cellophane membranes 
gives an indication of the molecular size of the 
substances present When dialyzed against a con- 
fined volume of water, all of the substances ana- 
lyzed are found to be freely diffusible When 
dialyzed agamst running water until the dialysate 
IS free of chloride, 100 cc of a unne ongmally 
contaimng 1 13 grams of nitrogen and S 7 grams 
of total solid contained only 2 9 mgm of mtrogen 
and 38 mgm of sohcL The specific gravity was 
the same as that of water within the limit of error 

*I£ the uric aad is not included m the undetermined 
fraction, the undetermined solid is reduced by 0 5 to 0 8 
gram but the percentage composition and empirical for- 
mula are not changed sigmficantly (carbon 33 to 40 per 
cent, mtrogen 4 to 9 per cent, neutral sulphur 0 6 to 1 1 
per cent and ethereal sulphur 0^ to 0 8 per cent, corre- 
sponding to an atomic ratio of 1 sulphur to 7 to 14 nitro- 
gen and 70 to 103 carbon) 


TABLE XI 

Calculalton of specific gravity factor for uttdelenntiied 
fractions of organic solids (4), and comparison of these 
factors With those of known substances in urine (B) 

{A) 


Subject 

1 

SoUd« 

undetciTOined 

Specific 

gravity 

uudetenmned 

Factor 


Srams per UUr 


effect 1 team 
per liter 


110 Gram protem diet 


B 

13 1 

00040 

0 00031 

B 

10 2 

0 0039 

0 00038 

K 

14 9 

0 0048 

i 0 00032 

K 

10 7 

0 0044 

1 0 00041 

M 

69 

0 0024 

1 0 00035 

L 

80 

0 0028 

0 00035 

Average 

0 00035 

1 


50 Gram protein diet 


B 

92 

0 0037 

0 00040 

B 

89 

0 0035 

0 00039 

K 

13 1 

0 0050 

0 00038 

K 

13 0 

0 0052 

0 00040 

M 

7 2 

0 0036 

0 00050 

L 

SJ 

0 0046 

0 00053 

L 

73 

0 0030 

0 00041 

Average 

0 00043 


Combined 

average 

0 00039 


(^) 


Substance 

1 

Specific 

gravity 

factor 

Substance 

Specific 

gravity 

factor 

NaCl 

increment per 
gram per liter 

0 00071 

NHiCI 

tnerrment per 
gram Per titer 

0 00031 

KQ 

0 00064 1 

(NH4),S04 

0 00059 

Na*S04 

0 00090 

(NH 4 H,P04 

0 00065 

K,S04 

0 00080 

(NH4)iHP04 

0 00053 

NaHiPO^ 

KHjP04 

NaiHPO* 

0 00074 

0 00071 

0 00095 

Urea 

0 00027 

K 1 HPO 4 

0 00082 

Creatinine 

0 00025 


of determmation From these two experiments it 
IS evident that normal unne contains only inap- 
preaable quantities of true colloidal or non- 
dialyzable substances Consequently, such com- 
pounds cannot contribute significantly to the un- 
determined specific gravity or to the total solids 
What little IS present is probably mucus or cellular 
elements denved from the unnary passages plus a 
small amount of pigment 
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The imdctemiined substances of the unne may, 
therefore, be characterized as (i) organic com- 
pounds, (2) of relatively low molecular weight 
(dialyzabie), (J) relatively low m mtrogen con- 
tent (4) showing only slight \'anation with diet 
and (5) suffkaent m quantity to account for the 
imdctcmuncd fraction of speafic gravity 
The average specific gravity effect per gram of 
undetermined solid can be obtained from the data 
presented This calculation was earned out m 
thirteen instances and the results are tabubted in 
Table Xl-A In Table XI-^ the merements per 
gram of the determined substances m unne are 
shown for compansom The latter fall m three 
distinct groups the morganic salts of Na and K 
having the greatest effect per gram urea and 
creatinme the smallest, and the amraomum inor- 
ganic salts mtermediate The undetermmed solids 
exert an effect closest to the organic substances 
(urea and creatinme) which is consistent with 
their orgamc nature. On tlie high protem diets 
the undetermmed solids have a slightly higher fac- 
tor, but the difference is not significant The con 
Stanly of this factor is m kcepmg with a belief 
m the relative constancy m composition of the 
undetermined sohds. 

Estmtatwn of total soltds of unne from speafic 
gravity vuith a critical evaluation of 
Hdseids and Long*s coefiaentx 

Since the speafic gravity of unne is a simple 
additive function of the concentrations of the mdi 
vidual constituents there is theoretical justification 
for the various empmeal coeffiaentB proposed for 
the estimation of the solids of unne from specific 
gravity Chnstison m 1840 (10) seems to have 
been the first to propose such a coeffiaent, but it 
was not until Haser's (21) work (1854) that the 
method received much attention ■ The latter esti- 
mated the total unnary solids m grams per liter by 
multiplymg the second and third decimal figures 
of the speafic gravity by 2.33 Long (29) deter- 
mined speafic gravity to the fourth place by 
pyknometer and the total soUds by an evaporation 
method which permitted correction for losses due 
to the ammonia evolved from unne on heating 
His coeffiaent of 0260 at 25/4° is the one most 

* The literature has been rcvicv,ed by Blohm (7) 


frequently used at the present time, and is quoted 
by Hawk and Bergheim (1937) (22) and Best 
and Taylor (1939) (5) Long calculated his 
coeffiaent by ffividing the waght of solids by the 
last three figures of the speafic gravity He 
noted, without explanation that there is more van- 
ation m the coeffiaent at low gravities, a variation 
due m part to the fact that the sohd content is cor- 
rebted not with the last three figures of speafic 
gravity but ivith the artual increment of speafic 
gravity above that of ivatcr With lower gravities 
this correction pbys a sigmficant role, as is shown 
in the following example A unne of 1 0300 grav- 
ity using Long's coeffiaent of 0260 should contain 
78.00 grams of sohd per liter It has been shoivn 
experimentally m the early part of this paper that 
if such a unne is diluted with water the speafic 
gravity mcrement is an inverse linear function of 
the degree of dilutiom Since Long determined 


25° 

D I the speafic gravity mcrement m this case 

13 1 0300 — 0.9971=00329 If this unne were 
diluted four fold with water at 25° the speafic 

gravity ^ would be 0 9971 + 1 0053 


not 1 0000 — ^ — 1 0075, as is unphed when 

concentration is expressed as a function of the 
decunal figures of the speafic gravity Smcc the 
total sohd in the diluted unne is 19 5 grams per 
liter Long's coeffiaent calcubted for this example 
19 5 

would be = 0268. Using the average coef- 


fiaent of 0 260 for this unne, the estimated solids 
would be 0260 X 53 = 13 8 grams per liter, al- 
most 30 per cent low 

Long* s coeffiaent was denved from normal 
unnes the great niajonty of which were of high 
specific gravity (only four of the fifty- two unnes 
studied bad specific gravities below 1 015, ten were 
between 1 015 and 1 020 the rest above 1 020) 
With these unnes of high gravity the absolute 
error is not so sigmficant With the unnes of low 
gravity frequently obtamed m disease, howev'cr 
Long's coeffiaent will give values for total sohd 
as much as several hundred per cent m error 
This cntiasm does not apply to the m 

determmed from (7) 
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TABLE Xn 

Calculation of coefficients for estimation of total solid 
content of urine from observed specific gravity (^), and 
comparison of these with similar coefficients of individual 
constituents of urine (B) 

W) 




I 

Coefficient 

Subject 

Total solid 

Specific gravity 

S 



increment 

i X 10 000 


grams Per Itter 




110 Gram protein diet 


B 

55 4 1 

0 0227 

0 244 

B 

47 6 1 

0 0200 

0 238 

K 

62 3 1 

0 0253 

0 246 

K 

47 7 1 

0 0200 

0 239 

M 

38 5 1 

0 0167 

0 231 

L 

41 5 

0 0176 

0 236 

Average 

0 239 


50 Gram protem diet 


B 

36 1 

0 0163 

0 221 

B 

32 9 

0 0150 

0 219 

K 

49 5 

0 0216 

0 229 

K 

447 

0 0194 

0 231 

M 

33 5 

0 0157 

0 213 

L 

32 1 

0 0155 

0 207 

L 

30 5 

0 0144 

0 212 

Average 

0 219 

Combined average 

0 227 


(B) 


Substance 

Coefficient 

S 

Substance 

Coefficient 

s 

/ X 10 000 

2 X 10 000 

NaCl 

0 142 

NH 4 CI 

0 322 

KCl 

0 157 

(NH4),S0. 

0 170 

Na^Oi 

0 111 

(NH4)H,P04 

0 153 

K^04 

0 125 

(NH4)iHP04 

0 189 

NaHaPOi 

0 134 



KH,P04 

0 141 



NaiHP04 

0 105 



K 5 HPO 4 

0 122 



NaHCO, 

0 138 

Urea 

0 371 

KHCO, 

0 150 

Creatmme 

0 397 


which he claimed yielded better results than any of 
those previously suggested, but even this gave er- 
rors as high as 13 per cent Addis and Foster 
(1) went to the other extreme, claiming that there 
could be no close correlation beUveen the two 
variables because the specific gravity factors for 
the substances found m uiine differ so widely 
In Table XII are calculated coeffiaents for thir- 
teen unnes In this same table, for comparison, 
are given similarly calculated coeffiaents for the 
mam urmary substances It is evident that the 

/ 20 ° \ 

average coeffiaent, 0 228 ( D j is similar to 
that of Long ^0 260, I? and of Blohm 

/ 15° \ 

(0 218, D j with vanations corresponding to 


those found by the latter The coefficients de- 
rived from unnes of subjects on low protein diets 
are lower than those from the same subjects on 
high protein diets This follows naturally and is 
due to the much larger amount of urea in the latter 
cases 

The coefficients in Table XII-F are the recipro- 
cals of the factors m Table XI-F Converted to 
these coefficients, the force of Addis* contention is 
obvious there is a wide dispanty, the inorganic 
salts as a class havmg low coefficients, those for 
urea and creatinine about two to three times as 
high, with the salts of ammonia giving intermedi- 
ate values Nevertheless, the relative constancy of 
the pattern of the unne constituents on fixed diets 
indicates that m these cases the concentration of 
sohds can be predicted fairly accurately with coef- 
fiaents derived from a sample of the group Al- 
though a greater variation in the coeffiaent might 
be expected from unnes of subjects on uncon- 
trolled diets, the values found with ten random 24- 
hour specimens have fallen withm the extremes 
of the more carefully controlled senes 


speafic gravity increment is identical with the dea- 
mal figures of the observed speafic gravity 

Aside from this theoretical objection to Long’s 
coeffiaent, there was no great constancy even 
among unnes of high speafic gravity, the value 
rangmg from 0.234 to 0 288, a vanation of ap- 
proximately 20 per cent Blohm (7) reviewed the 

subject, mtroduong a coeffiaent of 0 218 



DISCUSSION 

Since Folm’s study (16) of thirty normal unnes 
in 1905, there have appeared in the literature a 
number of similar but less complete analyses As 
a result, the normal range of exaetion of the chief 
unne constituents is fairly well established for 
Amencan subjects on usual diets Despite the 
wide variations in individuals, there is a definite 
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tendency for this group as a whole to deviate from 
other groups of different dietary habits such as 
Europeans (32) with higher urea excretion, Fih- 
pmos (11) with low urea and salt outputs, and 
Japanese (24) ivith high salt excretion 

The analytical data presented m this paper fall 
wthm the normal range as given by other authors 
and the low and high protein intakes, 40 to 50 
grams and 100 to 110 grams respectively repre- 
sent about the minimum and maximum encoun- 
tered m the great majority of random 24'hour 
diets. 

There seem to be no recent data where total 
unne solid excretion has been detemnned simul- 
taneously with analyses of the major constituents 
of the unne. The excretion of undetermined or 
game sohds has been either neglected or given as 
2 to 3 grams per 24 hours (31) From the avail 
able data on the average excretion of the unnary 
constituents not analyzed in this study, hippunc, 
atne and oxahe aads carbohydrate aimno-aads 
punne bases pigments, volatile fatty aads cystine, 
etc could account for only 3 to 4 grams of solid 
Hence, the undetemuned orgamc solid of 10 to IS 
grams observed m this senes of unnes is much 
higher than that previously assumed to be present 
The 24-hour output of undetermined sohd has 
also been determined on 10 additional normal adult 
subjects of both sexes who were allowed a free 
choice of diet The values obtained were the same 
as for the subjects on the controlled diets 9 to IS 
grams. Organic aads, as has been noted, make 
up a large part of this sohd and the significance 
of these compounds was not apparent to the earher 
mvcstigators. 

The assumption that the spcafic gravity of 
unne can be accounted for on the basis of the con- 
centration of dissolved substances alone, wthout 
recourse to physico-chemical phenomena, has been 
implied m the work of all of those who have calcu- 
lated the speafic gravity contnbutions of mdi 
vidual substances Smee this has been shown to 
be a valid assumpbon the available data may be 
compared with those of Tabic VII Our re^ts 
for the sum of urea and Q as NaQ on the high 
protein diet are m accord with those of Pepper 
(35) and Ishizu (24) although the data of these 
investigators show somewhat greater vanation in 
both urea and chlonde since they arc based on 


unne from subjects on unrestneted diets In all 
cases however, urea and NaQ account for % to 
% of the spcafic gravity On the assumption that 
spcafic gravity was detemuned by urmometer at 




and that the average unne pH was 6 0 Fo- 


hn's data ( 16) may be used to calculate individual 
speafic gravity contnbuUons The results are al- 
most identical with our high protan data. Urea 
accounted for an average of 26 per cent, chlonde 
23 per cent, sulfate 15 per cent and phosphate 16 
per cent of the total In mdmdual unnes 72 to 
90 per cent of specific gravity was accounted for 
by these substances The data of Concepaon (II) 
for Filipinos on the other hand are comparable 
with our low protein data. For these groups 
urea -f- NaO account for slightly less than ^ of 
the specific gravity 

Our data would seem to invalidate the conclu- 
sion of AJving and Van Slyke that the concentra 
bon test measures chiefly the abilitj of the kidney 
to concentrate mineral salts because of their as- 
sumption that these compnse % of the speafic 
gravity of the unne Actual measurements show 
that mmeral salts contnbute only 50 to 60 per cent 
of the speafic gravity while urea and other or- 
gamc consbtuents make up the remainder Con- 
sequently the concentrabon test measures equally 
the capaaty of the kidney to excrete both inorganic 
and orgamc substances. A dilute unne m a nor- 
mal mdividual is the result of excretion of larger 
volumes of water with equal reduebon of the grav- 
ity contribubons of salts and organic substances, 
the speafic gravity patterns remammg the same 

Specific gravity is not the only physical property 
of unne which may be used as an mdex of the 
concentrabon of dissolved solids Cryoscopy was 
introduced m 1897 by von Koranyi (26) and care 
fully studied by Kovesi and Roth Schultz (27) 
Since the depression of the freezing pomt of water 
IS dependent on the number of dissolved parbdes, 
rather than their chemical nature, this method 
nught have some advantage over speafic gravity as 
a measure of total sohd but lomzabon of electro- 
lytes IS a disturbing factor Von Hahn (20) has 
correlated surface tension with speafic gravity so 
that this projDerty nught also be used as a measure 
of concentrabon. Blohm (7) mtroduced a refr^^ 
tometnc method which is proh-’Mv th^ mcL*- '*7^ 
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rate of any of the physical measures of total solid 
concentration, and gives values within 5 per cent 
of those determined by analysis Its accuracy 
rests on the fact that, whereas the specific gravity 
factors of the various urinary constituents range 
from 09 to 3 6 tunes the factor of urea (concen- 
tration expressed m grams per liter) the “ refrac- 
tometnc indices of the same constituents range 
from 0 8 to 2 0 times that of urea, most of them 
being 1 1 to 1 4 times greater Variations in con- 
centrations of individual constituents therefore 
produce smaller changes in the refractometnc in- 
dex than they do in the specific gravity Like the 
cryoscopic method, however, this procedure re- 
quires apparatus not commonly available 

All of these attempts to determine total solid 
output by a simple measurement of some physical 
property have been devised in order to test the 
function of the kidney in the excretion of solids 
The colligative properties of a solution, vapor pres- 
sure, osmotic pressure, and freezing point depres- 
sion are not directly proportional to solid concen- 
tration because of the lomzation of electrolytes 
The specific gravity test is the simplest and most 
widely used at present Despite its widespread 
use the exact relationship between it and the com- 
position of the unne has never been systematically 
studied The results obtained here indicate that 
specific gravity measures concentration roughly in 
the same manner as the colligative properties, % e , 
with electrolytes havmg relatively greater effect 
per unit concentration than the organic substances 

Whether the low specific gravity encountered in 
kidney disease is simply the result of dilution, with 
preservation of the normal pattern of specific 
gravity contributions, or whether there is greater 
impairment in ability to concentrate some sub- 
stances than others, must await similar analyses 
of pathological urines which are in progress 

SUMMARY 

1 Evidence is presented that the specific gravity 
of a complex dilute solution of inorgamc and or- 
gamc substances can be calculated with consider- 
able accuracy Electrolytes have a greater effect 
on speafic gravity than organic solutes for equiva- 
lent concentrations The effect of electrolytes is 
approximately a summation of the specific gravity 
effects of the individual ions 


2 The specific gravity of an artificial solution 
made up of the major substances commonly found 
in normal urine is the sum of the specific gravity 
effects of the individual substances 

3 The specific gravity of unne is a simple addi- 
tive function of the concentration of its individual 
solutes 

4 Forty-eight 24-hour urines from 6 subjects 
with normal renal function have been analyzed for 
chloride, sulfate, phosphate, bicarbonate, urea, cre- 
atmme, pH, and total solids, and the specific grav- 
ity contributions of the inorganic salts, urea, and 
creatmine have been calculated In unne from 
subjects on a low (40 to 50 grams) protein diet, 
urea acounts for 15 to 20 per cent, chlorides for 
25 to 30 per cent, sulfate and phosphate together 
15 to 25 per cent, bicarbonate 1 to 5 per cent, and 
creatimne 1 to 2 per cent of the observed specific 
gravity On a high (100 to 110 grams) protein 
diet, urea, sulfate, and phosphate contribute a 
slightly higher proportion to the specific gravity 
On the lower protein diets, 70 to ^ per cent, on 
the higher protein diets, 80 to 90 per cent of the 
speafic gravity is accounted for by all the sub- 
stances measured 

5 The undetermmed fraction of specific gravity 
compnses 10 to 30 per cent of the observed value 
and m the same urines the excretion of undeter- 
mined solids amounts to 10 to 15 grams daily or 
from 10 to 30 per cent of the total solids The 
undetermmed solid is composed of organic sub- 
stances This fraction is relatively low in nitro- 
gen, of small molecular size (dialyzable) and is 
largely endogenous in origin Approximately one- 
half of this fraction is made up of organic acids 

6 The vanous coeffiaents proposed for estima- 
tion of total solids in unne from speafic gravity 
are valid only for unnes of the same relative com- 
position, smce the coeffiaents of organic and in- 
organic solutes differ by 200 to 300 per cent 
Consequently, in normal subjects on fixed diets, 
the solid content can be estimated quite accurately 
from specific gravity by means of coefficients In 
random unnes, on the other hand, the vanation m 
composition is sufficient to make the use of coef- 
ficients too inaccurate for exact analytical use 
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IODINE COMPONENTS OF THE BLOOD aRCULATING THYRO- 
GLOBULIN IN NORMAL PERSONS AND IN PERSONS 
WITH THYROID DISEASE 

Bt J LERUAN 

(From the Thyroid Clime of the MassochusetU General Hospital Boston) 
(Received for pobheatioa February 9 1940) 


It IS now well established that the amount of 
lodmc circulating m the blood is roughly an index 
of thyroid activity Iodine values below S gamma 
per cent are usually found m myxedema, and 
values over 10 gamma per cent are suggestive of 
hyperthyroidisiiL A portion of the blood iodine 
13 inorgamc and presumably mert m a hormonal 
sense the remainder is organic and probably 
represents the arculatmg hormone or its com 
ponents Very little is known of the nature of 
this orgamc iodine. In the course of experi- 
ments on the production of antibodies to human 
thyroglobuhn, it seemed that antiserum potent 
with respect to thyroglobuhn antibodies might be 
used to detect thyroglobulm m human serum by 
appropriate immunologic reactions 

METHOD 

The tcchtuqoc used to obtam anUtbyroglobohn lenmi 
ts gimflar to that of Heklocn and Schulbof (1) Roicn 
and Marine (2) and Scholhof (3) Thyroglobulin was 
prepared from human thyroid gtandi which had been 
removed at operation and nude relatively free from 
semm.^ It was kept m tuspenston at its isoelectric point 
The proton content was usually 1.5 to 2.0 per cent, and 
the iodine about 5 to 6 mgm. per cait This material \vai 
injected into rabbits mtraperitoneally intravenously or 
into subcutaneous nodules accordmff to the method de 
scribed by Dienes (4) The mjccUons were given for 
2 to 3 days m locctssion, with rest periods of 4 to 6 days. 
The mtraperitoneal injection contained about 75 to 150 
mgm. of thyroglobulm, the rntravenous injection 15 to 20 
mgm. and the intranodular injection 1 to 3 mgm. for each 
nodule. After a period of 4 to 8 weeks, the serum of such 
animals usually contained suffiaent antibodies to be of 
value m testing for very small amounts of thyroglobuhn. 
In some instances, inimalg were faiected for several 
months In spcc esiion m order to increase their antibody 
titer The rabbit antiserum contained not only anti 
bodies for human thyroglobulm but also small amounts 
of antibodies for human scrum protein. Consequently 


am indebted to Dr W T Salter and Dr J M. 
Minis of the Boston City Hospital for the preparation 
of thyroglohulin. 


before using such scrum m immunologic tests it was 
necessary to absorb the antibodies against human senna 
This was done by mixing the antiserum with hu m an 
serum m the proportion of 1 to 0.25 Incubatmg the mix 
turc overnight, and ccntnfugmg the trnaJI precipitate 
formed, A similar absorption technique was used by 
Stokinger and Heidelbergcr (5) 

The presence of antibodies was determmed by the 
rmg preapitin test, using the undiluted rabbit serum 
against dilubons of thyroglobuhn or human serum. Thy 
roglobuhn was first dissolved in dilute aflcall at a pH 
of 8.0 to 90 until it was almost clear and the insoluble 
portion removed by centnfugatioa Normal saline used 
m making dilutions was also adjusted to the same pH. 
Otherwise, at the usual pH of normal saline there would 
be preaprtmtion of thyroglobulm-* The antiserum was 
introduced at the bottom of small tubes and the dilu 
twos of tbyroglobulin or human scrum were layered on 
top The results were read after 1 to 2 hours at room 
temperature. 

In attempting to evaluate the potency of the antiserum 
the prcapitation test and complement fixation technique 
were used to confirm the results of the prcdpitm nng 
test. However m detecting thyroglobulin m human 
se r um , only the prcdpitm test was used. 

Blood for tests was obtained from noctoal people, from 
patients with myxedema from thyrotoxic patients before 
and after wdinizatioa and after operaben, and directly 
from the thyroid veins during operatioa In all, about 
66 samples of blood were tested. Four were from nor 
mal people, 2 from patients with myxedema, 15 from 
thyrotoxic pabenta before iodlnizahon 2 from thyrotoxic 
pabents after lodmlzabon, 22 from the thyroid vans of 
teude and non toxic goiter pabents obtained durmg the 
course of operaboo, and 21 from goiter patients after 
operatioa Numerous normal bloods were used as nega 
bvc controls when the blood from thyroid vans was 
tested for thyroglobulia Some of the blood samples 
were tested with more than one antiserum. In addibon 
the 24-bour urine specimenj of 3 hyperthyroid patients 
were coocentrated accordmg to the method used by 
Rawson and Sbirr (6) m coocentrafang thyrotropic bor 
roonei and tested for the presence of thyroglobulm. 


* Undoubtedly some of the thyroglobulm is denatured 
m the process of preparaboo and on standing but the 
amount is seldom more than 10 per cent The preapi 
tate formed when normal lahne is added is probably due 
to this fractron of thyroglobulm. 
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RESULTS 

The antisera used in these experiments usually 
were able to detect thyroglobulm in dilutions up 
to 1 10,000 or 1 20,000 of a 1 5 per cent solu- 
tion In other words, the amount of thyroglobu- 
lm that could be detected was 008 to 0 15 mgm 
per 100 cc of serum or % to % gamma per cent 
of thyroglobulm iodine, an amount practically 
negligible Even the less potent sera could de- 
tect 1 gamma per cent of thyroglobulm lodme 
Table I represents the result of a typical pre- 

TABLE I 

The prectpittn test for thyroglobulm m blood of a hyperth^rotd 
paltenl {J T Number 4914) before and after absorption 
of rabbit antiserum by human serum 


Dilutions of human scrum 



1 2 

1 4 

1 8 

1 16 

1 

1 32 

1 

1 64 

Rabbit Number 

2K antiserum 



4+ 

++ 

+ + 

+ 

Same antiserum in- 
cubated with hu- 
man serum 


- 

1 

1 

- 

- 

- 


\ indicates precipitation + indicates ring precipitin 


cipitin test for thyroglobulm m the blood of an 
exophthalmic goiter patient The unmodified rab- 
bit antiserum gave strongly positive reactions, as 
indicated m the second horizontal column, but the 
absorbed serum gave negative reactions, as shown 
in the last honzontal column The positive re- 
actions were obviously due to antibodies agamst 
human serum This particular antiserum was 
able to detect about 0 1 mgm of thyroglobulm 
per 100 cc of blood 

With the preapitin test no detectable amount 
of thyroglobulm was discovered either m the 
vanous normal human sera, in the sera of pa- 
tients with myxedema, or m the sera of thyro- 
toxic patients before and during lodinization 
The patients with hyperthyroidism were unse- 
lected and therefore represent all grades of sever- 
ity, the metabolic levels rangmg from plus 27 to 
plus 75 Similarly, no thyroglobulm was de- 
tected m the urine of 3 thyrotoxic patients 

In spite of the absence of any appreaable 
amount of thyroglobulm m the blood, there stiU 
remamed the possibility that thyroglobulm was 
secreted unchanged directly into the thyroid veins, 


as reported by Carlson, Hektoen and Schulhof 
(7) m dogs Consequently, blood was obtained 
directly from the thyroid veins dunng the course 
of thyroidectomy, attempt being made to get sam- 
ples both at the beginning and at the end of 
operation In most instances, samples were also 
obtained from the peripheral blood 2 to 4 hours 
and 24 to 36 hours after operation In all, 9 
cases of exophthalmic goiter and 4 cases of non- 
toxic goiter were studied in this fashion In 5 
additional cases blood was obtained only m the 
post-operative period Where thyroglobulm was 
present m a blood sample, the attempt was made 
to determme the quantity by settmg up sunul- 
taneous precipitin tests with a knoivn solution of 
thyroglobuIiTL By comparmg the known and im- 
known tubes, an approximate estimate of the 
amount present m the imknown was obtained 
Table II shows a typical example of preapitin 
tests for thyroglobuhn m blood from thyroid 
vems and m peripheral blood Table III sum- 
marizes the results of the precipitm tests on all 
samples of blood taken durmg and after opera- 
tion 

In only 2 of the 12 samples of blood taken 
from the thyroid vein at the beginning of opera- 
tion was there any evidence of thyroglobulm 
This amounted to 0 1 mgm and 1 6 mgm per 
100 cc , respectively In 1 of these cases, (C 
L ), a second specimen from the opposite thyroid 
lobe showed a shght mcrease m thyroglobulm 
In the other, (D K), the second specimen was 
missed so that one cannot tell whether there was 
an mcrease or not In this case there was no 
thyroglobuhn detected m the peripheral blood 2 
hours after operation In a third case, (E Y), 
the first thyroid vem sample was obtained dunng 
the course of a second hemithyroidectomy It is 
therefore listed as a second specimen Two pa- 
tients showed traces (it) of thyroglobulm in ihc 
first thyroid vein sample, but such evidence is 
doubtful and must be classified with the negative 
results 

Of the 8 thyroid vein samples obtained during 
or at the end of the second stage of subtotal 
thyroidectomy, 7 showed appreciable amounts of 
thyroglobulm, varying from 02 to 130 mgm per 
100 cc In 5 of these, the first thyroid vein 
sample taken at the begmmng of operation was 
negative In only one subtotal thyroidectomy, 
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TABLE U 

TMe pftaPthH UUjor tkyrczMndtn in blood of a hyporihyroid paHont (CX. Nantbtr 2 1891 1) compared io a known tkyro- 

llohnltn muhon 



DUatlatis of hmnan thrroglobaUn 


1 } 1 000 

1 1 2,000 

1 : *t)00 

’ 1 I SjOOO 

1 16^ 

1 t32U100 

Rabbit ajitjsenim in 
cubated with hu 
man scrum 

1 

+ + 

-|-or++ 

1 

+ 

+ 

1 

1 


DOotlon* of patient • sen 1 



111 1 

IM 1 

ns 1 

m6 

Blood nunple cumber 

Rabbit antiBcrum m 
culated with hu 
man cenim 

1 

+ 1 

■i — h 

+ or+ + 

1 

1 

+ 

+ i 

- i 


j 


1 From right middle thyroid vein be^^in 
nlng of operation, 

2 From left Inferior thyroid van end of 
operatton 

3 Fcnpheral blood 3 hour* post-opera 
tivc 

4 Peripheral blood 24 hours post-opera 
live. 


TABLE in 

Resuils of preapitin tests for U^yrothbulin tn bloods taken 
from thyroid vans during operation and from peripheral 
blood after operation (absorbed serum used) 


HYFEETHYBOrD PAXIEITTS 


Caj* 

RJefat 

mid^e 

thyroid 

vdn 

Left 

Inferior 

thritid 

rein 

2-i 

hooti 
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which give* a potrtlvc predpitm te*t ± repcctenU an 
amount Ics* than 1 
* Hemithyroidectomy 
t Second bemi thyroidectomy 
+ 12 hour* postoperative. 


(M L ), were both thyroid vein samples negative 
for thyroglobtilin In 2 other cases, (M LaF 
and F G ) the operative procedure was that of 
initial hemithyroidectomy Here, the second thy- 
roid vein sample ivas obtained at the end of 
hemithyroidectomy but from the unoperated side. 
The latter received very httle raampulation before 
the blood was drawn. In both, the blood was 
free of tbyroglohulm at the beginning and at the 
end of operation. These results suggest thnt the 
operative procedure of cutting and mampulating 
the gland caused the extrusion of thjTOglobulm 
into the blood As mdicated before the blood 
of 2 thyrotoxic patients ^vas tested for the first 
time postoperatively at 4 hours and at 24 hours, 
and was found to be free of detectable thyro 
globulin The blood of 2 others was negative 24 
hours after operation. The blood of a fifth pa- 
tient was exammed 36 hours after operation dur- 
ing a thyrotoxic cnsis and no thyroglobulm was 
found. Thus of the 9 samples of blood ex- 
amined 2 to 4 hours after operation 3 showed 
small amounts of thyroglobulm of the 12 sam- 
ples examined 12 to 36 hours postoperatively 1 
showed a small amount and another showwl a 
possible trace of thyroglobulm. In general, the 
thyroglobulm that gets mto the blood stream dur- 
mg operation tends to dimmish or to disapocar 
altogether 
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It might be supposed that the amount of thyro- 
globulm present m the blood during and after 
operation would condition the seventy of the post- 
operative reaction This was not the case As 
indicated in the next to the last column of Table 
III, the seventy of the postoperative reaction 
had no relation to the amount of thyroglobulm 
found m the thyroid veins during operation or 
in the penpheral blood after operation The pa- 
tient, (I C ), who had the most thyroglobulm 
in the thyroid veins during operation had a mild 
postoperative reaction This patient ^vas 1 of 
the 2 patients who still showed thyroglobulm m 
the blood after 24 hours Moreover, the 1 patient 
with a ‘‘ thyrotoxic cnsis ” did not have any 
thyroglobulm dunng this episode Unfortunately, 
blood from the thyroid vein was not obtamed m 
this case The only other severe reaction was 
shown by a patient, (R B ), whose thyroid veins 
contamed a moderate amount of thyroglobulm 
However, this patient's gland was friable and 
bled easily so that the technical procedure was 
difficult and of more than average duration 

DISCUSSION 

The absence of any appreciable amount of thy- 
roglobulm m nonnal human blood is m agree- 
ment with the findings of Hektoen, Carlson and 
Schulhof (8) m goitrous dogs One might have 
expected that m hyperthyroidism, which is char- 
acterized by a tremendous outpouring of thyroid 
hormone and an increase in blood iodine, there 
would be detectable amounts of thyroglobulm m 
the circulation Hektoen and Schulhof (9) failed 
to find thyroglobulm in the blood of a small num- 
ber of exophthalmic goiter patients The absence 
of thyroglobulm in the penpheral blood in hyper- 
thyroidism at vanous stages of the disease, as 
indicated above, is confirmatory It proves that 
the excess organic lodme m hyperthyroid blood 
is not due to thyroglobulm What it is due to 
I am imable to say on the basis of the present 
experiments 

The finding of appreaable amounts of thyro- 
globulin m thyroid vein blood and m thyroid 
lymph of dogs by Carlson, Hektoen and Schulhof 
(7) would lead one to believe that most of the 
thyroid hormone is secreted directly mto the blood 
capillanes and lymphatics as thyroglobulm The 


absence of thyroglobulm m the general circulation 
of these dogs may be due either to rapid dilution 
by the blood, rapid absorption of thyroglobulm by 
the tissues or rapid digestion of the protein mole- 
cule into smaller components However, it would 
be difficult to explain their inability to find thyro- 
globulm m the thoracic duct The question nat- 
urally arises, could their finding of thyroglobulm 
in the thyroid veins and lymphatics be explained 
on the basis of trauma^ These investigators 
themselves were unable to exclude possible injury 
to the thyroid cells 

In humans, Hektoen and Schulhof (9) report 
the finding of thyroglobulm m 5 of “ a consider- 
able number ''of thyroid vein blood samples Un- 
fortunately, no information is available regarding 
the stage of operation at which these bloods were 
obtained In goiter operations on humans it is 
almost impossible to avoid some degree of trauma 
m exposing the blood supply of the gland, whether 
the goiter is toxic or non-toxic Consequently, 
the results of Hektoen and Schulhof and the 
above reported absence of detectable amounts of 
thyroglobulm m 10 of the 12 thyroid vein samples 
at the beginning of operation are significant 
They immediately suggest that the positive results 
are due to artificial factors, namely trauma The 
findmg of thyroglobulm m 7 of 8 thyroid vein 
samples taken m the later stages of subtotal thy- 
roidectomy supports this viewpoint Between the 
first and second thyroid vem samples considerable 
manipulation and cutting of the gland had taken 
place In short, colloid was squeezed mto the 
circulation but not secreted mto it It must there- 
fore be concluded that neither m the normal gland 
nor m the hyperplastic gland does thyroglobulm 
enter the blood from the follicle as such, but 
must be broken down mto smaller components 

The anatomic mechanism for release of thyroid 
has recently been studied by Williams (10) He 
observed living thyroid follicles in chambers im- 
planted m rabbits' ears He describes a process 
by which a droplet of colloid is pinched off and 
comes to he within the follicular wall The 
droplet slowly decreases in size until it disap- 
pears It is never extruded into the interfol- 
hcular spaces In other follicles a whole section 
of wall may be compressed for a short time It 
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IS supposed that colloid dil^uses through this thin 
area in the follicle, Williams maintains that the 
follicular wall remains mtact. If this is the case, 
one may logically assume that the thin portion of 
the folhcle acts as a living semi permeable mem 
brane and that a large molecule like tliyroglobulm 
could hardly diffuse through it It would seem 
more likely that thyroglobulin is first digested 
and that the resultant small fragments then dif- 
fuse through the follicle u'all Thus the uncom 
mon occurrence of th 3 rroglobulm m thyroid veins 
IS consistent with the anatomic observation of 
Williams 

It IS of mterest to speculate on the role of 
thyroglobulm m metabolic processes Is thyro 
globulm merely the protein storehouse for smaller 
and honnomcally active components ? The failure 
of the thyroid follicles to release th 3 n'oglobuhn as 
such and the arculation m the blood of fragments 
of thyroglobulm rather than the parent substance 
would suggest that thyroglobulm is not the meta- 
bolic hormone, Thyroxme or thyroxme like sub- 
stances must be the true accelerators of oxidative 
processes. However the possibility remains that 
these fragments are resynthesized mto thyroglob- 
uhn when they reach the tissues and that hormomc 
action IS after all dependent upon the formation 
of thyroglobulm, 

SUMMARY AND CONCLUSION 

Rabbits mjected with human thyroglobulm pro- 
duced antiserum which was able to detect by 
precjpitm reaction minute amounts of thyroglobu 
Im m solution, namely 008 to 0 IS mgm, per 100 
cc. By means of this reaction no detectable 
amounts of thyroglobulm were discovered m the 
blood of numerous normal patients, 2 myxedema 
tous patients 15 thyrotoxic patients before lodini 
zaboo and 2 thyrotoxic patients after lodiniza- 
tion No thyroglobulm \vas detected m the urmc 
of 3 hyperthyroid patients 

It 13 therefore concluded that the excess lodme 
usually present m the blood of hyperthyroid pa- 
tients IS not due to arcuIatiDg thyroglobulm. 

The prccipitm reaction was applied to venous 
blood from the thyroid obtained at various stages 
of thyroidectomy m 9 cases of exophthalmic goiter 
and m 4 cases of non toxic goiter Ten of the 


12 thyroid vem samples obtained at the beginning 
of operation were negative, 2 thyroid vein sani 
pies obtamed at the end of hemithyroidectomy 
but from the unoperated side, were also negative 
On the other hand 7 of 8 thyroid vein samples 
obtamed during or at the end of the second stage 
of subtotal thyroidectomy showed appreciable 
amounts of th 3 nx)gIobuIm Tlie thyroid vem 
blood of 5 of these cases ^vas negative at the 
beginning of operatiom These results suggest 
that the presence of thyroglobulm m the blood 
durmg and after operation is due to the extrusion 
of colloid into the arculation by trauma to the 
gland and that under ordmary conditjons thyro- 
globulm does not leave the folhdes normal or 
hyperplastic, as such. This deduction is con- 
sistent with the observations of Williams on the 
release of colloid from hvmg thyroid follicles 

The thyroglobulm that gets mto the arculation 
during operation is ather rapidly destroyed or 
fixed by the tissues. Of the 12 blood samples 
obtained 12 to 36 hours after operation 10 showed 
no thyroglobulm 1 showed 0,2 mgm per cent, 
a decrease from 13 0 mgm. per cent, and 1 showed 
a possible trace, a decrease from 1 6 mgm. per 
cent 

The presence or absence, or the amoimt of 
thyroglobulm m the blood durmg and after op- 
eration does not correlate with the degree of 
postoperative reaction This fact does not ex- 
clude the possibiUty that absorption of hydrolyzed 
products of thyroglobulm dunng or immediately 
after operation plays an important role m the 
development of thyrotoxic ‘ crises * 

I am greatly indebted to Dr L. Dienes, of the Maas* 
chosetts General Hospital for guidance m the technical 
procedures, and to Dr Robert S. Munger of the School 
of Mcdiane, Tulane UnlTcrarty for assistance in some 
of the expenroents, 

BIBUOGRAPHY 

1 Hektoen, L.j and Scholbof K, The preapitin rcac 
tion of thyroglobulm, J A, M, A., 1923 80, 386, 
2. Rosen, S, H,, and Marine, D Immunity to lodotby 
roglobulm does not affect its physiological action. 
Am. J PhysioL, 1937 120 121 
3 Schulbof KL, The effect of antrtbyroglobulm serum 
on the phyaioiogical action of tbyroglobulia. Am. 
J PhysioL, 1930, 93 175 



560 


J LERMAN 


4 Dienes, L, The immunological significance of the 

tuberculous tissue. J Immunol, 1928, 15, 141 

5 Stokinger, H. K, and Heidelberger, 1^1 , A quantita- 

tive theory of the precipitin reaction. VI The 
reaction between mammalian thyroglobuhns and 
antibodies to homologous and heterologous prep4 
arations J Exper Med., 1937, 66, 251 

6 Rawson, R. W , and Starr, P > Direct measurement 

of height of thyroid epithelium. Method of assay 
of thyrotropic substance , clmical application 
Arch Int Med , 1938, 61, 726 

7 Carlson, A J , Hektoen, L., and Schulhof, K., At- 

tempts to produce experimental increase m the 


rate of output of thyroglobulin by the thyroid 
gland Am J Physiol, 1924-5, 71, 548 

8 Hektoen, L, Carlson, A J, and Schulhof, K., The 

precipitm reaction of thyroglobulin. Presence of 
thyroglobulm m the thyroid lymph of goitrous 
dogs J A. M A., 1923, 81, 86 

9 Hektoen, L., and Schulhof, K., The precipitin re- 

action of thyroglobulin. Proc Nat Acad Sc., 
1925, 11, 481 

10 Wilhams, R. G , Microscopic studies of livmg thy- 
roid follicles implanted m transparent chambers 
installed m the rabbit’s ear Am J Anat, 1937, 
62, 1 



THE EFFECT OF THE APPLICATION OF TOURNIQUETS ON THE 
HEMODYNAMICS OF THE aRCULATION 

By RICHARD V EBERT and EUGENE A. STEAD JR. 

(From tht Medicai Omu of the Peter Bent Brtgham Hospital and the Department of 
Medxcvxe Harvard Medical School Boston) 

(Received for publicatioo February 20 1940) 


The treatment of acute left ventncular failure 
by morphine and venesection frequently produces 
as dramatic rchef of symptoms as docs the m 
travenous admimstration of glucose m a case of 
msulm shock Cases which have not responded 
to morphme alone may recover promptly after 
the removal of from 500 to 800 ca of bloods 

Many chmoans (1 2 3 4) believe that pool 
ing of blood m the extremities by means of tourm- 
quets is as effective as phlebotomy m the treat 
ment of left ventricular failure. While this is a 
widespread climcal impression experiments dem- 
onstrating that a significant quantity of blood is 
pooled m the extremities by venous tourniquets 
arc lackmg Without this knowledge there is no 
rational basis for comparing the efficacy of these 
two forms of therapy The purpose of this 
study IS therefore, to measure the amount of 
blood pooled m the extremities by venous tourm- 
quets and to dctemunc whether this amount is 
suffiaently large to be of clinical significance. 
The dye method was used for the detcrmmation 
of the blood volume, and tourniquets were used 
to separate the blood circulating m the extrcmitiea 
from that of the reniamder of the body 

METHffl) 

Each of the followuif 3 experimentj was perfonned 
on 4 noniui males arnl 1 subject with chronfc arthriHs 

Basal blood volume The total blood vohnne was cal 
culated from the proporUou of pbsnu to cells, as shown 
by bematoent detennmaUons. The plasma volume was 
detemuned by the dye method of Gibson and Evans (5) 
as adapted to the photoelectric mjcrocolonmctcr by Gib- 
son and Evelyn (6) 

The blood volume of head trunk and arm at rest On 
another day the arterial circulation to the extremities 
was occluded by inflatmg tourniquets on the nght arm 
and both thighs to a pressure of 250 mm, of Hg. As the 
pressure was thro\vn into the cnffi from a large reser 
voir the occlusion was rapid. Ten mgm. of dye were 
hnmcdlately Injected mto the left antecnbital vein. Ten 
nuDutes after the mjection of the dye^ a needle was 
placed m the left antccubital vein and from 4 to 6 sam 


pies of blood were taken dunng the next 10 minutes. 
The amount of blood in head, trunk, and arm at rest 
was determined from the concentration of the dye in 
these samples and from the hematocrit Twenty minutes 
after the injecdon of the dye the tourniquets were re- 
leased. Samples of blood were taken for 10 to 50 
mmuta after the release of the tourniquets. 

Blood volume of head, trunk and arm after venous 
congestion of the extremities On a third day the three 
extremiUes were congested by inflating toomiqueta on 
their proximal portions to diastohe pressure. At the 
end of 7 to 10 minutes the arterial circulation to these 
extremities was cut off from the remainder of the body 
by raising the pressure in the cuffs to 250 mm. of Hg 
Ten mgm, of d>e were then injected into the left ante 
cubital vein. Ten mmutes later a needle was placed m 
the left antccubital vem and from 4 to 6 samples of 
blood were taken during the next 10 minutes. The blood 
volume of head, trunk, and arm was determined from 
the coocentratJoD of the dye in these samples and from 
the hematocnL Twenty minutes after the injection of 
the dye the tourniquets were released. Samples of blood 
were taken for 20 to 60 minutes after the release of 
the tourniquets. 

The volume of blood normally present in the three 
extremities was obtained by subtractmg the result ob- 
tained m experiment 2 from that obtained In expemnect 
1 and the volume of blood that was remored from bead, 
trunk and arm by venous congestioa was obtained by 
subtracting the result obtained m expenment 3 from 
that obtained In expenment 2. 

In all the experiments the subjects had fasted for 12 
hours. They rested comfortably on a bed for 30 mm 
utes before the experimenU started. The room tem- 
peratiuc was from 20 to 22 C In the experiments 
measuring volume of blood in head, trunk, and arm, the 
vessels of the extremities were ndther contracted by 
cold nor dibted by heat In 3 experiments with venous 
congestion the extremities were heated by unmcrsiOD 
in warm water before the toumiquctj were appBed. 
However as wanmng produced no demoostrablc dif 
fcrcnce in the amount of blood pooled, it was discon 
turned. 

To secure the maximum pooling of blood in the ex 
trcmltics with minitnum discomfort to the subject, the 
cuffs on the thighs should be at least 12 cm. n^de and 
the cloth should be long enough to wrap around the 
thigh several times. The tourniquets on the extremities 
were placed as close to the body as possible. Padding 
was placed under the distal portion of the cuffs to pre- 
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vent them from sliding down the thighs when they were 
inflated Subjects with long, thm limbs were the most 
suitable. 

In addition to the blood volume determinations, the 
subjects e sensations, skin color, and respiratory rates of 
the subjects were noted The effects of venous tourni- 
quets were also observed m 2 other normal subjects in 
whom blood volume detennmations were not done In 
2 hypertensive subjects the effect of a more prolonged 
venous occlusion on arterial pressure and heart sounds 
\vas studied 


RESULTS 

Basal blood vohune In 5 subjects (Table I) 
the basal blood volume ranged from 5010 to 6100 
cc of blood, witli an average of 5580 cc 
Arterial tourniquets In the same 5 subjects 
(Table I) the volume of blood circulating in the 
head, trunk and one arm, when the circulation 
to the other three extremities had been occluded 
without venous congestion, ranged from 4040 to 


TABLE I 

TJi^ amount of blood tn the liead^ trunk and arm 


Subject 

Age of 
subject 

Height 

Weight 

Basal blood volume 

Volume of blood in head 
trunks arm without 
congestion 

Volume of blood in head 
trunk arm with venous 
congestion 

Volume of 
blood In 
three ex 
tremltics 
without 
congestion 

Decrease in 
volume of 
heath trunk 
arm with 
venous 
congestion 

Plasma 

volume 

Total 

blood 

volume 

Hema 

tociit 

Plasma 

volume 

Total 

blood 

volume 

Hema 

toent 

Plasma 

volume 

Total 

bloixl 

volume 

Hema 

tocrit 




lbs 

cc 

cc 


cc. 

cc 


cc 

« 



cc 

TW 

24 

73 

■fa 

3490 

6100 

42 9 


5190 

44 1 



42 1 

910 

890 

LT* 

42 

71 

■Ea 

2750 

5010 

45 1* 

2220 

4380 

49 3* 


Ima 

48 7* 

630 


R.E 1 

27 1 

69 


mmm 


43 5 

2280 

4040 

43 5 

■liliiiM 

3300 

440 

1180 

740 

JR. 

31 : 

73 

176 

3380 

5970 

43 4 

2930 

5080 

42 4 

2480 

4300 

; 42 3 

1 890 


HS 

28 ' 

70 

170 

3080 

5600 

45 0 

2510 

4700 

46 6 

1 


4080 

46 6 

900 



* This subject had chronic arthritis 


Hia hematocrit showed a slight fall during his stay in the hospital 
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Fig 1 Amount of Blood Normally Present at Rest in One Upper 
AND Two Lower Extremities (Subject J W ) 

Solid line represents concentration of dye (Evans blue) in plasma after 
the mjection of 10 mgm of dye. On the basis of this curve and the hemato- 
crit, the basal blood volume is 6100 cc The first portion of the broken Ime 
represents the concentration of dye m the plasma of head, trunk, and arm 
after mjcction of 10 mgm of dye. The volume of blood in this portion of 
the body is 5190 cc. The lower portion of broken Ime represents the 
concentration of dye in the plasma after release of tourmquets Note that 
plasma \olumc is decreased after the release of tourniquets and has not 
completely returned to normal at the end of 20 minutes 
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Fig 2. AiroaN*T of Blood Which Is REiiovn) nwii Head Trctnk avd 
A aix B\ VE^ous Tourniquets (Same Subject as in Figure 1) 

The basal blood volume (solid Imc) is 6100 cc. The first portion of the 
broken Irae represents conccntratiDa of dye in plasma of head, trunk and 
arm when the extremities are congested. The \-olume of blood in this 
portion of the body is 4300 cc. When this volume (4300 ou) i* subtracted 
from the normal volume of the head trunk and arm (5190 cc,) as deter 
mmed m Figure 1 it u found that 890 cc, of blood arc removed by con 
gestmg the three extremities. The knA'cr portion of the broken line rep re 
seats the concentration of dye in the plasma after the release of tourniquets. 


5190 cc. with an average of 4680 cc Tlie 
amount of blood present at rest m the nght ami 
tind lower extremities ranged from 630 to 1180 
cc with an average of 900 cc or 16 per cent of 
Uie total blood volume A typical expenment is 
shown m Figure 1 

After the tourniquets were released the plasma 
volume remained lower than the basal volume for 
20 to 30 mmutes This W'as presumably the re 
suit of an increase m permeability of the capil 
lanes of the extremities from the prolonged ar- 
terial occlusion. In the experiments with venous 
tourniquets given below the combmed effect of 
mcreased venous pressure and anoxia usuall) re 
suited m an even greater loss of fluid mto the 
tissues of the extremities 

Subjective!) all 5 persons were conscious of 
discomfort when the pressure was apphed but 
after a few mmutes the pam subsided The ex 
tremitics felt cool to the subject Sensation and 
motor power were greatly dmumshed m the ex- 
tremities by the end of 20 mmutes There were 
no other symptoms, the subjects did not develop 
nausea, sweating or pallor After release of the 


tourniquets tingling and pain m the extremities 
were present for several minutes 

Venous tourniquets In the same 5 subjects 
(Table I) the volume of blood present in head 
trunk and one arm after tlie other three extremi- 
ties were congested ranged from 3300 to 4300 
cc. with an av'erage of 3960 cc The congested 
extrenuties therefore contamed from 1210 to 
1920 cc of blood with an average of 1640 cc. 
(29 per cent of the total blood volume) A typi- 
cal experiment is shown in Figure 2 

When tlie three extremities were congested by 
venous tourniquets the volume of blood arculat- 
ing m tlie head trunk and one arm was decreased 
bj 580 to 890 cc. of blood (average decrease 720 
cc.) The volume of blood normally present at 
rest m the head trunk and one arm was tliereby 
decreased approximately 15 per cent by poohng 
blood in the extremities 
Tlic application of venous tourniquets at dias- 
tolic pressure produced symptoms of shock m 4 
of 7 subjects tested. These symptoms were 
nausea sweatmg and pallor Blood pressure 
readings were not made as a tourniquet wtis on 
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15 MIN. Occlusion apte^o 


Fig 3 The Effect of Venous Tourmquets (110 mm of Hg) on the Arterial 
Pressure and Heart Sounds of a Hypertensi\^ Subject, F C 
The pooling of blood m the cNtremities lowers the pulmonary \enous pressure and 
the gallop (g) disappears 


one arm and a needle m the vein of the other 
ann As these same subjects had experienced no 
generalized reaction to rapid arterial occlusion, a 
procedure whicli Mas as painful as the venous 
congestion, it Mas believed that the symptoms of 
shock M ere produced by tlie rapid pooling of blood 
in the extremities After release of the tourni- 
quets the subjects experienced more severe tin- 
gling than after the smiple arterial occlusion 
The\ also shoMed distinct h}perpnea Tmo of 
the 7 subjects shoMed a few petechial spots 
Effect of votous toiiniiqiiets in hypertensive 
subjects In 2 subjects Mith arterial hyperten- 


sion, tourniquets inflated to a pressure of 110 
mm of Hg were applied to the three extremities 
The resting arterial pressures m these subjects 
Mere 210 and 150 mm systolic, and 160 and 110 
mm diastolic, respectively In the first subject 
SM eating, pallor, nausea and mental confusion de- 
veloped, and at the end of 16 minutes the arterial 
pressure had fallen to 90 mm systolic and 70 mm 
diastolic A marked gallop rhythm (Figure 3), 
Mhich M'as present before the tourniquets Mere 
applied, had disappeared On release of the 
tourniquets the pressure rose rapidly and the 
gallop gradually returned (Figure 4) In a sec- 
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2 MiM- RtuCAic aj* ivjAx) J min. fULCASC ap 209410 



i UIW. RCLCAlC BP 209410 


Fig. 4 The Effect of the Release of Vekous Toubmouets o't the Artehial 
A.XD Heart Sohhps in the Sajje Subject 
The artenal preuurc rue* rapidlj The gallop reappear* a* the pumonarj venou* 
prcasHTc mcreaac*. 


ond subject a similar fall m artenal pressure with 
symptoms of shock occurred 

DISCUSSION 

Venesection m the treatnieiit of acute left ven 
tncular failure has liad a sound physiological basis 
smee Bluragart and Weiss demonstrated that the 
amount of blood present m the lutjgs is mcrcased 
m left \cntncular failure The^e m\estjgators 
( 7 ) found that the average \doaty of the blood 
in the lungs in these cases ivas slouer tlian in 
normal subjects In the absence of a staking 
dnmnution in cardiac output, tlus decrease m 
\eloaty could only result from an mcrcase m the 


size of the cross section area of tlie pulmonary 
bed The -volume of blood iiJJjng tbjs dilated bed 
must therefore, be greater than m normal sub- 
jects This increase m -volume of blood m the 
pulmonary bed m acute left ventncular failure is 
the result of temporary imbalance m the function 
of the nght and left ventndes so tliat the right 
ventnde bangs more blood to the lung than the 
left ventnde can remo\e (8) The rcraov'al of 
blood from the body by phlebotomy decreases tlie 
amount of blood contained in the engorged lungs 
and hence reheves the symptoms 
Few investigators Iia\e studied the effect of 
tounuquets on the arculahon although dmicians 
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ha\e long reconimeiided them as a substitute for 
plilebotonn Tabora (1) in 1910 showed that 
\enous tourniquets applied to the extremities 
caused relief of sMiiptoms and a decrease in ve- 
nous prebsure in patients with congestue failure 
Fuchs (9) produced s}mptoms of shock in 5 of 7 
subjects studied b\ this method The venous 
pressure decreased moderateh m the 2 subjects 
w ho did not develop collapse , it w as not measured 
in the others Brains and Golden (10) found 
that there was no significant change in blood pies- 
sure pulse rate or \enous pressure after the ap- 
plication of venous tourniquets to the extremities 
of patients with congestive failure and therefore 
concluded that the procedure had little value 
Hamilton and jMorgan (11) studied the effect on 
the vital capacity of the application of venous 
tourniquets to four extremities in normal sub- 
jects They made observations on the subjects 
in the dorsal recumbent and standing positions 
With tourniquets the vital capacity was definitelv 
increased in the dorsal recumbent position , it w as 
little changed in the standing position They in- 
terpret these data as suggesting that the amount 
of blood in the lungs can be decreased in normal 
subjects by pooling blood in the extremities 
Jarisch and Gaisbock (12) found that, when the 
circulation to both legs and one arm was occluded 
rapidl}, tlie cardiac output decreased because the 
nonnal venous return from the extremities was 
occluded If the arterial occlusion was prolonged 
for 15 or 20 minutes the cardiac output rose 
The results of this study show that in normal 
subjects the volume of blood circulating in the 
head, trunk and ann at rest is decreased by 580 
to 890 cc by placing venous tourniquets on three 
extremities This is more effecti\e than the re- 
moval of a corresponding amount of blood by 
phlebotomy because in the first case the blood is 
removed from the head, trunk and arm volume, 
and m the latter instance it is removed from the 
total blood volume It is significant that a meas- 
urable amount of fluid is lost from the blood 
stream during the period of venous engorgement 
This IS in part the result of tlie increased capillar}^ 
pressure (13) ^lore fluid would have been lost 
if the penod of congestion had been prolonged 
This loss of fluid from the blood stream explains 
in part the clinical observation that in the treat- 


ment of acute left ventricular failure the bene- 
ficial effects of touniiquets persist for some time 
after their release 

111 the treatment of congestive failure more 
dramatic results are obtained in those subjects in 
whom failure of the left ventricle predominates 
When marked failure of the right ventricle is 
present, the veins are already distended In ad- 
dition, w hen the tissues are tight w ith edema fluid 
it IS more difficult to pool blood in the extremi- 
ties because the venous bed is less distensible 

The appearance of the symptoms of vascular 
collapse after venous tourniquets m half the group 
of normal subjects is further proof that a large 
amount of blood is removed from the head trunk 
and arm More blood can probably be pooled in 
liypertensive than in normal subjects because the 
venous tourniquets can be inflated to higher levels 
without mterfenng with the artenal inflow to the 
extremities In the 2 hypertensive subjects 
studied, profound collapse occurred the systolic 
pressure falling from 210 and 150 mni to 90 and 
100 mm , respectively While venous pressures 
were not taken m these experiments, the venous 
pulsations in the neck decreased and the veins of 
the free extremity appeared empty and collapsed 
In addition to the fall in peripheral venous pres- 
sure, the pulmonary venous pressure w as probabl) 
lowered m the case of F C This subject had 
early left ventricular failure and a marked mid- 
diastolic gallop The gallop occurred at the time 
of rapid ventricular filling and w^as greatly ac- 
centuated by exercise It was a manifestation 
of the greater than normal pressure differential 
between the auncle and ventncle in early diastole 
which caused a rapid flow of blood into the ven- 
tricle and produced a sound When the venous 
tourniquets were applied, the gallop disappeared 
as blood w as pooled in the extremities because tlie 
volume of blood and the venous pressure in the 
lungs were decreased On release of the tourni- 
quets the blood pressure returned to nonnal and 
the gallop slow ly reappeared The gallop ^vas not 
present during the penod of hyperpnea which oc- 
curred 10 to 15 seconds after the release of the 
tourniquets This indicates that the increase in 
respirations is not caused by pulmonary conges- 
tion from tlie sudden release of the tourniquets 
If the pulmonary ^enous pressure had been sud- 
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dcnly increased by tins mechanism, the gallop 
>vouId have been present The hyperpnca prob- 
ably results from chemical stimulation of the res- 
piratory center as the blood with a lowered pH 
returns from the extremities, 

SUilltARV AND CONCXUSIONS 

1 In S subjects (4 normal and 1 with chrome 
arthritis) the basal blood volume averaged 5580 
cc The blood volume of the head, the trunk, 
and one arm averaged 4680 cc. Therefore, the 
average amount of blood m one upper and two 
lower extremities was 900 cc., or approximately 
16 per cent of the total blood volume. 

2. In the same 5 subjects an average of 720 
cc of blood was removed from head, trunk and 
arm by placing venous tounuquets at diastolic 
pressure on three extremities. This represented 
15 per cent of the volume of blood normally 
arculating m the head, trunk and arm 

3 In 4 of 7 normal subjects tested, suffiaent 
blood was pooled m the extremities to produce 
symptoms of collapse, ue nausea, sweating and 
pallor In 2 hypertensive subjects the venous 
tourniquets produced a marked fall m arterial 
pressure, and profound collapse. 

4 In 1 hypertensive subject pooling of blood 
m the extremities caused the disappearance of a 
marked diastolic gallop This mdicated that the 
tourniquets were effective ra lowering the pul- 
monary venous pressure 

5 When tourniquets were applied to the cx- 
trcmibcs the plasma volume was lowered by 
transudation of fluid into the tissues Thus the 
bcnefiaal effect of the tounuquets persists m 
part for some tunc after release. 

6 This investigatjon demonstrated that as 
much blood was removed from the general dr 
culation by venous tounuquets as by the usual 
phlebotomy It presents a rational basis for this 
method of treatment of left ventncular failure. 

The aotbort wiah to expncsj thar apprcciaticm to Dr 
Soma Wci58 for helpful guidance and cntiasm In this 


work. This invcitigatfon was earned out with the tech 

meal assistance of Miss Blanche Curtis and Miss Evelyn 

Berstein. 
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In order to gam a better understanding of the 
role of jnfecbon jn chronic gloraendonqjhntis, a 
study of the exacerbations m this disease was 
undertaken Sixty-eight patients ivith chrome 
glomerulonephntis were observed closely for pe 
nods of from 1 to 8 years An analysis was 
made of the madence of the exacerbations m 
this group, the presence and nature of the in- 
fection preceding each exacerbation the latent 
penod between the infection and the signs of 
mcreased renal inflammation and finally the im- 
mediate and subsequent effect of each exacerba- 
tion on the renal function It was hoped that 
these observations might contnbutc mformation 
concerning factors responsible for the progres- 
sive nature of chrome Bright s disease. 

Definition of exacerbation tn chronic 
gloineniloncpJintis 

Although there is agreement as to the entena 
necessary to estabhsh the diagnosis of acute glo- 
merulonephntis, it is difficult to denve a satis 
factory defimtion for the exacerbation m the 
chronic phase of this disease. Criteria to describe 
this state are of necessity arbitrary For the pur- 
pose of this mvestigabon we have been gmded by 
the following objective and relatively simple con 
siderations , 

It has been assumed that the development of 
an exacerbation m chronic glomerulonephritis is 
mdicatcd by an abrupt and marked increase m 
the degree of hematuria. A concomitant impair- 
ment of renal function adds weight to this inter 
pretabon but its absence does not mihtate against 
the diagnosis of exacerbabon Smee most pa- 
bents with chrome glomerulonephntis usually 
pass moderate to large quantibcs of albumm in 
the unne changes m this abnormality arc diffi- 
cult to mterpret. Slight vanabons m the unnary 

^ Formerly the Research Division for Chrome Dueflics 


output of erythrocytes a common find ing m 
chrome glomerulonephntis do not necessarily sig- 
mfy the presence of an exacerbation 

The pre exacerbabon penod mcludes observa- 
bons made at any time pnor to the onset of the 
exacerbabon The beginning of the post-exacer- 
babon penod is determined with difficulty It is 
believed to be present when clmical and laboratory 
findings have reached the prc-exaccrbation level 
or have become stabilized 

Several instances of increased generalized 
edema m the absence of changes m the unnary 
findings were proved to be related to dietary dc- 
fiaency and these cases were consequently not 
included m this study In one such mdividual 
for example, a prolonged alcohohe bout with m 
adequate food intake resulted m massive edema, 
A hypoproteinemia well below the pabents pre- 
vious serum protem level was present The ad- 
mmistration of an adequate diet resulted m a gam 
of 1 gram per 100 cc, m the scrum albumm in 1 
week with a oouiadent loss of edema This phe- 
nomenon was apparently due to lack of dietary 
protein in a patent with nephntis and was not 
considered to be a true exacerbabon 

Case inatertal 

For the past 8 years a large group of patients 
ivith chronic glomerulonephritis has been available 
for study m the Nephnbs Hypertension dime of 
Dr Dana W Atchley and Dr Robert F Locb at 
the Presbyterian Hospital and a similar dime of 
Dr John D Lyttle at the Babies Hospital These 
pabents have been dosely followed m the dime 
and have been hospitalized for appropriate studies 
In special instances such pabents have been under 
daDy observabon at tlie Research Service of the 
First Division of the Welfare Hospital It is 
beheved that the opportumty to mvestigate ne- 
phnbs both m children and m adults yields a mg;^? 
complete picture of the natural of 
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disease than ^vould be the case if the data were 
limited to findings in either children or adults 
Of a total of 68 patients who have been studied 
for from 1 to 8 years, 13 have exhibited one or 
more exacerbations during our period of obser- 
vation 

Relation of age to exacerbation 

Although adults make up the larger proportion 
of our series of patients with chronic glomerulo- 
nephritis, exacerbations have been detected chiefly 
m the children’s group (Table I) The prepon- 

TABLE I 


Relation of age to exacerbations in chronic glomerulonephritis 


Age groups* 

Total number j 
of cases of 
chronic 

Total number 
of patients 
exhibiting 
exacerbations 

Total number 
of 


glomcrulo- 

nephjiUs 

exacerbations 

14 or under 

12 

8 

22 

Over 14 

57 

5 

6 


* The age in each instance represents the age at death 
or the present age of those living 


derance of exacerbations in the younger group 
does not appear to be related to the frequency of 
dime or hospital visits Likewise, the extent of 
the study was similar for both groups Because 
of the higher rate for exacerbation m the younger 
group, the mcidence of hospital admissions is 
greater for the children than for the adults 

Incidence of exacerbation 

Table II shows the incidence of the exacerba- 
tions m the 13 of our 68 patients with chronic 
glomenilonephntis where these episodes were ob- 
served Six of the patients had only one exacer- 
bation durmg the penod of study, whereas the 
remaining 7 developed from 2 to 5 exacerbations 
each A greater frequency of exacerbations per 
patient occurred in the younger age group 

Relation of infection to the exacerbation tn 
chronic glomerulonephritis 

In each of the 28 exacerbations m this group, 
the patient was subjected to dinical, bactenologi- 
cal and immunological study in order to determme 
the presence of prodromal mfection This dem- 
onstration rested upon dose dmical observation 
and repeated throat cultures for the determination 
of the presence of Group A hemolytic strepto- 


coccus Serum antistreptolysin tests were earned 
out with a frequency suffiaent to detect occult 
hemolytic streptococcus infections 
Each of the 28 exacerbations followed infection 
(Table II) All of the 13 patients undergoing 
exacerbation of their disease had at least one 
exacerbation apparently related to a preceding 
hemol 3 ^ic streptococcus mfection (Table II) In 
all instances the hemolytic streptococcus mfection 
was limited to the pharynx or adjacent tissues 

Exacerbations tn chronic glomerulonephritis fol- 
lowing tipper respiratory infection not proved 
due to the hemolytic streptococcus 

Five of the 13 patients exhibited 8 exacerba- 
tions foUowmg upper respiratory infections m 
which the hemolytic streptococcus could not be 
proved the causative agent (Table II) More 
adequate study might have demonstrated the pres- 
ence of hemolytic streptococcus mfection m at 
least 3 of the 8 mfechons not proved due to 
hemolytic streptococcus Each of these patients 
on other occasions had an exacerbation apparently 
induced by hemolytic streptococcus mfection 

Latent period between prodromal infection and 
the onset of exacerbation 

The latent penod m each of the 28 instances 
between the onset of the prodromal mfection and 
the onset of the exacerbation was as follows 


Latent period 

Number of 
exacerbations 

1 day 

12 

2 days 

5 

3 days 

2 

4 days 

2 

7 days 

1 

14 days 

1 

Unknown 

5 


It is seen that, m the mam, this latent period is 
a short one m contrast to that seen m acute 
glomerulonephritis The observations confirm 
those made by others (1, 2) It was found that 
the latent penods for the exacerbations following 
hemolytic streptococcus mfection ire approxi- 
mately the same as those found following upper 
respiratory mf actions not proved due to the hemo- 
lytic streptococcus 

The rapidity with which upper respiratory in- 
fection mduces an increase m activity m chronic 
glomerulonephritis is of interest with regard to 
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TABLE U 

Exaurbalums %% 13 paiunts vnih duomc ilcmerulontphnivs 


1 


i 

3 

4 

3 

6 

7 

8 

9 

10 



Total 

Nttniber of 
hoapilal 

Number cf 

Exacerba 
Uoua alter 

Exacerbadouj 
after upper re- 

Exaceiba 

Effect of ezaceibatlona ou rctal 

Num 

Acq 

mpntha of 

out paUcat 

hemoJjtle 
itrepco- 
cocruf in 
lectio Dt 

jplrato^ iufec 

UoM unre- 
lated to lo- 
fectiou 




Uon 

adjBiwoQl 

meutTUu 

due to braolvtic 
•treptococou 

Nooe de- 
monit rated 

Traralent 

dccreaae 

permanent 

dccreaae 

Ca 

4 

22 

5 

12 

I 


0 

I 








11 



11 








III 



III 

1 



Bl 

9 

37 

8 

16 

I 


0 


I 







II 




II 







III 

1 

2 



III 











2 


Ro 

12 

31 

6 

13 

I 


0 


I 







II 



1 

2 

II 








3 


3 



Go 

13 

48 

5 

28 

I ; 


0 


I 


A1 

13 

24 

7 

22 

I 


0 

I 

II 


Gon 

13 

9 

3 

3 

I 1 
II 1 


0 1 


I 1 
II 1 


\Vh 

14 

40 

5 

6 

^ 1 

■ - 1 

0 


I 


U 

14 

16 

I 1 

1 

9 1 

1 

I 

1 

0 

I 1 
1 1 



Kc 

IS 

23 

4 1 

39 1 

I 


0 


I 


Ed 

17 

6 

1 

3 

1 

5 1 

I 


0 



I 

Pa 

17 

6 

2 1 

4 i 

I 1 


0 

1 

I 


Du 

18 

5S 

5 

20 


1 

0 

I 

1(?) 1 


Mo 

33 

32 

2 

16 

I 

] 

1 

0 1 


' 1 



* The Roman and Ambic numerali correipond to thoee lued m columiu 5 and 6 
t May have been in/ection due to hemolytic itreptococcui. 


the concept that the kidnQ^ in this disease is 
h 3 rper£cnsitive to products of the hemolytic strep- 
tococcus It has been shown (3) that as little 
as 10 skm test doses of a streptococcus hemolyti- 
CU3 nudeo-protein (4) may produce hematuria m 
less than 24 hours when mjected mtraveuously 
mto patients wth chrome glomerulonephntis 

Effect of the exacerbation on renal function 

In order to evaluate the effect of any single 
exacerbation on the renal function of the patient 
with chronic glomerulonephntis it is at once ap- 


parent that observations during a prolonged fore 
period must be at hand as well as repeated studies 
m the post-exacerbation penod Smcc patients 
with chronic glomerulonephntis remam surpris- 
ingly well m the absence of gross renal failure 
it 13 difficult to mterest some of these mdividuals 
m the disaplme of clinical mvestjgatioa unless 
there is an unusually cooperative attitude on the 
part of the patient In the majonty of instances 
It has been possible to obtom satisfactory data, 
but in some cases the failure of the patient to 
appear at frequent intervals for study 
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irreparable gaps in the natural history of the 
phenomena of exacerbation For the most part, 
however, the data obtained appear valid from this 
point of view 

The status of the renal function was estab- 
lished chiefly by the urea clearance determination, 
the phenolsulphonphthalein excretion test, the urea 
ratio value of Mosenthal and Bruger (5), and 
the serum non-protem nitrogen level Dunng the 
penods between exacerbations of the nephntis 
some of these tests were performed at 1- to 3- 
month mtervals With the occurrence of an ex- 
acerbation, selected tests for renal function were 
usually conducted at weekly intervals These 
tests were earned out under the conditions exist- 
ing in routme hospital and clinic practice The 
limitations and the difficulties in interpretation are 
obvious, but for the purpose of this study the 
tests are taken to mdicate the relative rather than 
the absolute changes in renal function 

It is seen from Table II that 15 of the 28 
exacerbations observed m this senes of 13 pa- 
tients produced a transient drop in renal function 
Thirteen of these 15 exacerbations were appar- 
ently initiated by a Group A hemolytic streptococ- 
cus infection of the pharynx or adjacent tissues 
The prodromal upper respiratory mfection m the 
remaining 2 exacerbations \vas not proved due 
to the hemolytic streptococcus 

One exacerbation resulted m an apparent per- 
manent decrease m renal function A reading of 
the mdividual case history (Case IX) will mdi- 
cate the difficulty expenenced in evaluatmg the 
effect of the exacerbation m patients m the ter- 
minal stage of nephritis It cannot be conclu- 
sively stated that the decrease m function, leading 
to death by uremia in this instance, was dependent 
upon the exacerbation 

Twelve of the 28 exacerbations failed to pro- 
duce a demonstrable effect on renal function 
These 12 exacerbations occurred m 6 patients, 4 
of whom expenenced other exacerbations m which 
a transient decrease of renal function was appar- 
ent One of the remaming patients (Ca, Case I) 
showed no decrease in renal function dunng any 
of his 4 exacerbations, 3 of which followed Group 
A hemolytic streptococcus infection The fourth 
exacerbation followed an upper respiratory mfec- 
tion not proved due to the hemolytic streptococcus 
It is possible that our inability to demonstrate a 


decrease in renal function following 12 of the 
exacerbations reported here is related either to 
the slight degree of the renal flare-up or to our 
failure to employ appropnate renal function tests 
at suffiaently frequent intervals 

DISCUSSION 

The 13 patients - who expenenced exacerba- 
tions of glomerulonephntis have been observed in 
the following manner The tests for the activity 
of the nephntis were the usual ones In addition 
to routme unnalyses, frequent Addis counts were 
performed Records were made of the blood 
pressure, eyeground findmgs, serum protem val- 
ues, the presence of edema, and the hemoglobin 
and red blood cell count values to determine the 
progress of the disease The tests for renal func- 
tion and the methods used for the demonstration 
of the presence or absence of hemolytic strepto- 
coccus mfection have been desenbed above 

Although there is agreement that hemolytic 
streptococcus mfection is the chief initiating factor 
m acute glomerulonephritis, doubt prevails con- 
cermng the agent responsible for the maintenance 
and progression of the disease chronic gloniemlo- 
nephntis The failure to reproduce chrome glo- 
merulonephritis expenmentally m animals with 
the hemolytic streptococcus limits the investiga- 
tion of the role of mfection m this disease to 
clinical studies The major work m this field has 
been carried on by Longcope and his assoaates 
(6, 7, 8) Winkenwerder, McLeod and Baker 
(2) analyzed the data accumulated by Longcope 
and concluded that “ Persistence of the strepto- 
coccus was characteristic of the chrome stage of 
the disease These workers report the contnbu- 
tions of others whose opmions are pertinent to 
the question 

In the past 8 years at the Presbyterian and 
Babies Hospitals m New York City it has been 
possible to collect evidence concermng the relation 
bet\veen infection, particularly of the upper re- 
spiratory tract, and the course of chronic glomeru- 
lonephntis m 68 patients A report of the degree 
of parallelism which exists between the presence 
of infection and the velocity of the nephntis m 
this group of patients is now being prepared The 
present communication is limited to the study o 

2 See protocols 
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tile exacerbations m chrome glomerulonephritis. 
The chief points to be detemiined were (7) the 
frequency with which exacerbation occurs, (2) 
the infectious factors mitiating the exacerbation, 
and (3) the effect of the latter upon the course 
of the nephntis 

The data which have been presented indicate 
that in this senes of 68 patients observed from 
1 to 8 years unequivocal exacerbation occurred 
m only 13 members of the group Attention has 
been directed to the difficulty of delimiting the 
entena necessary to determine the presence of 
the exacerbation. A sharp mcrease m the degree 
of hematuria occurred m 4 patients who have not 
been mduded m this senes The case histones 
of the mdividuals all adults have been excluded 
for the following reasons 

Paitent Ar The hematuna which occurred 
under our observation followed the intravenous 
mjection of a hemolytic streptococcus nucleopro- 
tcin. 

Patient Pf The hematuna %vas always so 
variable it was impossible to describe any smglc 
episode as mdicative of an exacerbation 

Patient Fo The hematuna occurred terminally 
and the patient was not available for adequate 
study 

Patient Hn. This patient was observed early 
m our study and adequate immunological and 
renal function tests were not performed. 

The addition of these cases to our senes would 
not have altered the conclusions beyond mcrcas- 
mg the number of mdividuals m the adult group 

In our expenence frank exacerbation m chrome 
gloraeruloncphntis occurs only after mfection. 
As a rule, this mfection is caused by Group A 
hemolytic streptococcus Wmkenwerder Mc- 
Leod and Baker (2) studied the etiological fac 
tors m 42 exacerbations m ' chrome hemorrhagic 
nephnUs.' They found that 42 of 126 mfections 
which occurred during the course of the disease 
m their senes appeared to imtiate an exacerba- 
tion Fifty five per cent of these infections ^ve^e 
shown to be of hemol 3 ;lic streptococcus origin. 
They further observed that 30 per cent of 84 m- 
fections unaccompamed by exacerbation were also 
of hemolytic streptococcus origin These workers 
beheved that their data mdicated that when m 
fection 13 followed by exacerbation of nephntis 
streptococcus is apt to be found ” 


In our senes of 68 patients with chrome glo- 
menilonephntis there were 350 mfections of van- 
ous types, of which 68 were shown to be of he- 
molytic streptococcus ongm. Twenty (71 per 
cent) of the 28 exacerbations observed in the 
entire group followed hemolytic streptococcus m- 
fection whereas only 48 hemolytic streptococcus 
infections occurred among the 322 other mfec- 
tions (15 per cent) which failed to mate an 
appreaable exacerbation In this respect, our 
data confirm those presented by Wmkenwerder 
and his associates. The lower percentage of he- 
raol 3 dic streptococcus disease among mfections 
fading to produce exacerbations m our group may 
be due to the greater frequency of visits of pa- 
tients. Because of this the number of mild in- 
fections (not of hemolytic streptococcus ongm) 
of the upper respiratory tract which we have ob- 
served may be greater than that observed by 
Winkennerder McLeod and Baker It should 
be emphasized that all mfections occurnng durmg 
the acute and early subacute stages of glomerulo- 
nephritis are excluded from this survey 

As already stated careful study of our patients 
dunng the penod of exacerbations shows that 
each of these episodes was preceded by an m 
fection Wmkenwerder, McLeod and Baker, 
however, have observed exacerbations of nephntis 
“despite the failure to demonstrate any matmg 
factor ' This divergence may depend upon the 
mterpretation of the entena required to define 
exacerbation It may also rest m part upon the 
fact that clmical and bactcnological determination 
of the presence of hemolytic streptococcus mfec- 
tion may fad m some cases to yield positive data. 
With the use of the antistreptolysm test, however, 
the presence of hemolytic streptococcus mfection 
may be detected m the absence of bactcnological 
data It IS possible that some of the exacerbations 
m Wmkenwerder McLeod and Bakers senes 
were observed pnor to the general use of this 
test 

Our accumulated evidence demonstrates that a 
fransicnt decrease m renal function is a frequent 
result of the exacerbation m chronic glomerulo- 
nephntis Fifteen of the exacerbations effected 
such a temporary decrease m renal functioiL In 
contrast 12 exacerbations coidd not be shown to 
have altered the functional level of the kidneys. 
The exacerbations m this latter group were m 
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itiated by hemolytic streptococcus infection m 6 
instances and the remammg exacerbations fol- 
lowed upper respiratory infections m which the 
hemolytic streptococcus could not be proved the 
causative agent A permanent and apparently 
progressive decrease m renal function followed an 
exacerbation m only one patient m our senes In 
this instance the termmal state of nephritis was 
at hand when the exacerbation appeared It is 
obviously difficult to evaluate significant changes 
m renal function in patients who are m the ter- 
minal stage of chronic glomerulonephntis 

The failure of the majonty of exacerbations m 
this senes to produce a permanent decrease m 
renal function was surprising to us It was felt 
that if repeated or contmuous hemolytic strepto- 
coccus infection was the mechanism which caused 
progressive renal damage m patients with chronic 
glomerulonephntis, one would expect that the he- 
molytic streptococcus infection which induced an 
exacerbation of nephntis would be particularly 
effective m permanently reducing renal reserve 
The analysis of the 27 exacerbations reported here 
lends little evidence to this concept unless the 
suggestion is accepted that a single hemolytic 
streptococcus infection m a patient with chrome 
glomerulonephntis can mitiate a type of renal 
damage which perpetuates itself m autocatalytic 
form for montlis or years 

It IS possible that the return of the functional 
values to the pre-exacerbation level after the de- 
pression mduced by the renal flare-up is more ap- 
parent than real Although the post-exacerbation 
tests for renal function may be normal, never- 
theless a reduction of the mass of functioning 
renal tissue may have occurred This possibility 
is shoivn diagrammatically in Figure 10 (A) 

In this hypothetical instance 3 exacerbations of 
nephntis have induced 2 penods of “ transient 
and 1 penod of permanent decrease m renal 
function However, a reduction m the per cent 
of functioning renal tissue has occurred followmg 
the first 2 exacerbations despite our inabihty to 
demonstrate this state by the usual function tests 
This difficulty is partially met in instances where 
exacerbation occurs m an mdividual with chrome 
glomerulonephntis whose renal function levels 
are already decreased 

An alternative hypothesis to that shown m Fig- 


ure 10 (^) IS diagrammatically shoivn in Figure 
10 (5) This mechanism presumes that the ve- 
locity of the nephntis is established at its initia- 
tion through an unknown cause Exacerbations 
produce dramatic episodes but do not significantly 
alter the slope of the curve It is impossible at 
this time to designate either hypothesis as correct 
Addis (9) m 1931 stated that m his experience 
none of the mfections and incidents which led to 
temporary increases in the mtensity of the renal 
lesion seemed to have resulted in any irreparable 
loss of secretmg tissue He further described 2 
cases in which repeated exacerbations seemed not 
to be accompamed by a significant decrease m the 
“ amount of functiomng renal tissue ** Winken- 
werder, McLeod and Baker (2) have shown " that 
recurring mfections, m spite of their relation to 
exacerbations, do not necessarily determme the 
ultimate outcome of the disease, for partial re- 
covery to the latent stage or complete recover 
from nephntis was not prevented by such mfe< 
tion, and whereas the progressive group was chai 
actenzed by recurnng mfections m some cases, i 
others this factor was not obvious and m a fe^ 
patients active mfection was never demonstrated 
Osman (10), who has studied the “ late-results 
of “ acute nephntis,” believes that the number o 
attacks of nephntis (exacerbations^) has appai 
ently no influence on the ultimate prognosis 
Leiter (11) has stated that in most patients wit 
chronic nephntis “ further decrease of func 
tion occurs as the result of definite acute exacer 
bations following acute streptococcal infection* 
as the result of slow but continued destruction o 
renal parenchyma m the absence of obvious in 
fection anywhere in the body or because of or 
game vascular changes in the kidney 

It seems evident, therefore, that the exacerba 
tion m chrome glomerulonephntis is initiatec 
chiefly by hemolytic streptococcus mfection anc 
that the exacerbation usually effects only a tran 
sient drop in renal function 

Exacerbation as defined here is seen to bi 
chiefly a manifestation of childhood glomerulo' 
nephntis Although the adult group has beer 
subjected to careful study, the mcidence of ex- 
acerbation as defined here has been low There 
IS only one patient in this group exhibiting ex- 
acerbation over the age of 20 
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SUMMAR\ AND CONCLUSIONS 

1 Tlie natural history of each of 23 exacer- 
bations of uephntis occurring m 13 of a senes of 
68 patients with chronic glomenilonephntis is 
described In the mam, these individuals were 
under dose observation for penods of from 1 to 
8 years 

2 An abrupt, marked mcreasc m hematuria 
wth or without a concomitant impairment of 
renal function is assumed to mdicate the occur- 
rence of an exacerbation m chrome glomerulone 
phntis 

3 The frequency of exacerbation so defined is 
greater m the young than m the adult group m 
this senes 

4 All 13 of the patients expenenced exacerba- 
tions mjtiated by Group A hemolytic streptococ- 
cus mfectioiL Five of these patients underwent 
additional exacerbations related to upper respira- 
tory mfcctions which could not be proved due to 
the Group A hemolytic streptococcus 

5 In the total senes of 68 patients wth chrome 
glomerulonephntjs there were 350 mfections of 
various types of which 68 were sho^vn to be of 
hemolytic streptococcus ongm Twenty (71 per 
cent) of the 28 exacerbatioiis followed hemolytic 
streptococcus mfcction whereas only 48 hemo- 
lytic streptococcus mfections occurred among the 
322 (15 per cent) mfections which failed to mate 
an appreciable exacerbahom 

6 No exacerbation of chronic glomerulone- 
phntis m this senes occurred without concomitant 
mfectiom 

7 The latent penod between the onset of the 
mfection and the cxaccrbabon ^va3 from 1 to 4 
days m the majonty of instances. This latent 
penod as pomted out by others is much shorter 
than that seen bebveen the mfection and the onset 
of acute glomenilonephntis 

8 A common effect of the exacerbation was to 
produce a transient decrease in renal function 
Ten of the 13 patients exhibited 1 to 4 such ex 
acerbations 

Six patients underwent exacerbations m which 
no effect on renal function could be demonstrated 
Four of these 6 patients however expenenced 
other exacerbations m which a transient decrease 
in renal function occurred- Only 1 patient de- 
veloped a permanent decrease m renal function 


following an exacerbabon but tlie nephntis at 
this tune was m the terminal stage. 

9 It may be concluded that the exacerbabon m 
chrome glomcrulonephnbs is the result of mfec- 
bon and that this mfeebon is due mainly to m- 
vasion by the Group A hemolybe streptococcus 
rhe chief effect of the exacerbabon is the pro- 
duction of a transient rather than a permanent 
decrease m renal function. However since there 
is no correlabon between mass of funeborung 
renal bssue and renal funebon tests when the 
latter arc withm the range of normal, it is im- 
possible to determine whether or not the total 
mass of renal bssue has been reduced m those 
cases where renal funebon tests mdicate only a 
transient decrease m funebon 

Dr David P Earle, Jr, assisted m the coUeebem of 
the data from several of dn; pabents in this scries. 

ITtOTOCOLS 

Core / (Ca) 

This 4-year old boy was first seen by us on Janctarjr 
26 1938, in what appeared to be a typical attack of acute 
glooicnilonephnris. Howerer since there was an un 
eqmvocal record of hematuna asaoaaled with fever 6 
months earlier it was believed that the nephritis prob- 
ably was initiated at that time. 

Certain details of the episodes of exacerbation of the 
nephritis on January 18, 1938, March 20 1938, January 
S, 1939 and April 26, 1939 are shown m Figure 1 It 
If seen here that data are available on the degree of 
alhnnunuria, hematuria, edema, blood pressure, nonpro- 
tein nitrogen of the serum and the urea ratio prior to 
during; and after the respective exacerbaboos of the 
nephnbs. 

It IS apparent that the pabent expenenced 4 cxacer 
batioos of nephrhis over a X5-month period. In each 
exacerfaaboG of his disease there was an increase m 
albominuna and bematona above the previous base line, 
but it is also evident that in each instance these urinary 
findings returned to the pre-cxacerbabon levcL On the 
basis of the other evidence at hand with respect to 
edema blood pressure, serum nonprotem nitrogen and 
urea ratio determinations it cannot be shown that a 
significant drop in renal function is associated with any 
of these exacerbations. A single urea clearance test 
performed during the third exacerbation showed a value 
of 97 per cent of normal (not shown on chart) 

The findings in this patient with respect to the effect 
of exacerbation on renal funebon differ from those seen 
In the majonty of our cases in that no significant de- 
pression m renal function is assocated with the exaccr 
babons. It is possibk, however that frequent urea 
clearance deterrainabons and additional renal function 
tests might have detected such a change. 
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Fig. I Case I (Ca) OBSEsrAxiONS Before, During, and After Four Exacerbations 
IN CouHSE OF Chronic Glom eh ulx) nephritis 
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Coit 11 (BT) 

Thi* boy who u now 9 years old, was said to have 
had ‘‘kidney trouble" foUowbg scarlet fever at the age 
of 4 (1934) In 1935 there was a history suggesting an 
exaccfbatioQ of the ncphntu occumng dor rag an episode 
of maitolditii for which a mastoidectomy was performed. 

He was first seen by us in May 1936 when an mcxaioo 
and draraage was performed for the relief of inguinal 
lymphadenitis with abscess. The culture of the pus 
yielded ‘‘hemolytic staphylococcus aureus but the anti 
streptolysm level was found to be 250 umts. Four months 
later this value had dropped to 111 units. There was 
no cndcDce for an eicacerbatlon of the nephritis asso- 
ciated with this infection. 

During the next 37 months of observation In which 
there were 8 hospital admissions and 16 clime visits, 
there were 5 exacerbations 4 of which were associated 
with a transient decrease m renal function. 

Sbee all these cxaccrbatiocs occurred between July, 
1938 and Apnl 1939 it was impossible to determine ac 
curalely the fore period for each bout The natural 
history of the nephntii and associated infections is 
herewith described. 

Esacerbatwn I occurred on July 3 1938, foUowmg an 
H infimnear otitis media. There was no evidence for 
bemolytx streptococcus infection at this tune. The he- 
maturia, which was mimmal (di) before the flare-up 
b e ca me 4-4-++ during the cxacerbatJoo. A ++ al 
bumlnuria became ++++ durmg the renal flare-up 
and remained at this level permanently There was no 
erideocc for an associated depression m renal function. 
The urea clearance of 60 per cent of normal and the 


urea ratio of 50 remained constant throughout the ex 
acerbation and thereafter Following this acute episode 
the hematuria retumed to its previous levcL 
Exacerbatum II occurred on August 25, 1938. This 
was apparently related to a hemolytic streptococcus 
pharyngitis. S hcviclyttcus and H influence were cul 
bvated from the pharynx, but evidence for invasion by 
hemolytic streptococa was shown by the nse of the anti 
itrcptolysui titer from 62 to 166 umts. Hematuria edema 
and the serum nooprottm nitrogen level increased through 
thu bout only to return to the previous approximate 
base Ime in the post-exacerbation period. These data 
are shown below 
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Exacerbatwiv III occurred on October 14 1938. This 
was apparently related to a mild pharyngitis. Group A 
hemolytic streptococci were isolated from the throat cul 
hire and the antistreptolysin bter rose from a base line 
of 83 units to a peak of 166 units. The hematuria, which 
was minimal (±) before the exacerbation, became 
++++ daring the exacerhatioa and dropped to + with 
the termination of the bout. Although there were no 
significant changes m edema, blood pressure, and the 
scrum nonprotein mtrogen values and urea clearance fig 
ures during thu episode, the base line urea ratio of 40 


Expianaiwn of Fipwer on Chart 
The values for the albuminuria are the conventional ones. 


In thu and subsequent charts the hematuna, as detennraed m the sediment of the 
usual centrifuged specimen, u designated m the following manner 


1-5 red bbod cells per H,P F + 

6-15 red blood ceUs per H.P F ++ 

16-25 red blood cells per aPJ^ +++ 

Above 25 red blood cells per RPT" ++ + + 


The presence of gross hematuna u so radicated. 

In a number of the patients Addis counts were made to determine the degree of 
hematuna. Thu finding u so designated on the graph. 


The values for edema are expressed as follows 

Slightest demonstrable edema + 

Edema of face and ankles ++ 

Gcncralited edema with fluid m visceral cavity ++++ 

The figure +++ u arbitrarily used to describe the degree of edema between ++ 
and ++++ 


The values for the systolic bkxxl pressure level are designated by the height of the 
column. The heavy horizontal bar shows the diastolic peak. 


The nonprotera nitrogen levels are expressed as serum values. The figures for the 
urea ratio urea clearance and phenolsulphonphthalcin cxcretKui tests are self-explanatory 
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rose to 70 and dropped to 55 after the exacerbation. 
Possibly too much reliance should not be placed on the 
urea ratio values here smee no comparable changes oc- 
curred m the urea clearance figures 
Exacerbation IV occurred on March 7, 1939 This 
episode was preceded by abdominal pain, vomitmg, tem- 
perature of 102°, and isolation from the blood of a non- 
typeable pneumococcus From clinical evidence it was 
felt that a pneumococcus peritonitis existed, but this point 
was not proved, Sulfapyridine therapy cured the pneu- 
mococcus infection. Antistreptolysin determinations 
showed values withm normal limits This infection ap- 
parently mduced a transient decrease in renal function 
as IS shown below 
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Exacerbation V, which occurred on April 1, 1939, fol- 
lowed an otitis media with post-auncular abscess Group 
A hemolytic streptococci were isolated from the abscess 
exudate and the antistreptolysin titer rose from a base 
line oi 25 to 33 units to a peak of 715 units This ex- 
acerbation was characterized by the followmg changes 
in the renal status 
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It is probable that a significant transient decrease m 
renal function occurred durmg this exacerbation. 

The course of this pabent’s nephritis durmg 5 exacer- 
bations of the disease is of mterest with respect to the 
comparative functional level before and after the renal 
flare-ups A transient decrease m function was demon- 
strated during the 3 exacerbations related to hemolytic 
streptococcus mfection and the single exacerbation ap- 
parently due to the non-t>peable pneumococcus mfection, 
No change m renal function was observed during the 
exacerbation which apparently followed the H tnfluencae 
otitis media. It is further seen that a comparison of 
the renal competence before and after the 5 exacerba- 
tioiii which occurred between July 1938 and April, 1939 
shows no striking difference The urea clearance on 
June 22, 1938, w’as 63 per cent of normal, on June 2, 
1939, 60 The urea ratio on June 22, 1938, was 43, on 
June 2, 1939, 38 (normal below SO) The serum non- 
protein mtrogen ^'alue was 33 mgm. per 100 cc, on Jime 


22, 1938, and 27 mgm, per 100 cc, on June 2. 1939 It is 
evident, therefore, that m this patient frequent exacer- 
bations of glomerulonephritis ha\e resulted m only tran- 
sient drops m renal function. 

Case III (Ro) 

This girl, who is now 12 years old, has one sibling 
who has had both rheumatic fever and glomerulonephri- 
tis The onset of acute nephritis m our patient probably 
occurred m July, 1932 From the history it would ap- 
pear that exacerbations of the nephritis occurred in 
December, 1932, after a bronchitis, m May, 1936, after 
a sore throat, and in August, 1936, from an unknown 
cause. 

The patient first came under close observation by us 
m September, 1936 Durmg the subsequent 3 years she 
was studied through the course of 5 exacerbations of 
nephritis An additional exacerbation occurred outside 
our observation This bout is not mcluded m our de- 
scription It is seen from Figure 2 that all 5 exacerba- 
tions were characterized by a sharp mcrease m the degree 
of albuminuria and hematuria In all mstances there 
was a decrease m this abnormality to the approximate 
basal level after the renal flare-up 

Exacerbation I occurred on March 12, 1937, when the 
patient was 10 years of age, it appeared to be related to 
a preceding mfection described as " grippe,*' The avail- 
able data cannot exclude the possibility that the hemo- 
lytic streptococcus played a role in this mfection The 
evidence at hand suggests that this exacerbation failed 
to produce a drop m renal function 

Exacerbation II occurred on May 26, 1937, and was 
preceded by a hemolytic streptococcus pharyngitis The 
antistreptolysm titer rose from a base Ime of 144 units 
to 715 umts This exacerbation induced a temporary 
drop in renal fimction There was a transient edema 
and the serum nonprotem nitrogen level rose from 22 
to 59 and then dropped to 28 mgm, per 100 cc in the 
post-exacerbation period 

Exacerbation III occurred on October 28, 1937, and 
was preceded by lobar pneumonia Pneumococci could 
not be isolated from the sputum. During a relapse of 
the pneumonia 1 month later, m which gross hematuria 
reappeared, hemolytic streptococci and not pneumococci 
were isolated from the sputum Antistreptolysm deter- 
minations were not earned out at suffiaently frequent in- 
tervals to rule out the possibility that the pneumonia was 
of hemolytic streptococcus ongm There was no evi- 
dence of disturbance m renal function durmg this flare-up 

Exacerbation IV occurred on May 1, 1938, and was 
preceded b> a hemolytic streptococcus pharyngitis The 
throat cultures during this episode showed the predomi- 
nant organism to be a Group A hemolytic streptococcus 
The base hne antistreptolysm titer of 333 units remained 
unchanged followmg the sore throat Nevertheless, it 
W’as felt that mfection by the hemolytic streptococcus had 
occurred- Durmg this exacerbation (Figure 2) a tran- 
sient edema, hypertension, shght rise m the scrum non- 
protem nitrogen value and a sharp rise in the urea ratio 
developed. The urea clearance durmg this bout was 
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found to be 28 per cent and 29 per cent of normal on 
2 occasions Nine months later the urea clearance was 
76 per cent of normal 

Exacerbation V developed on February 12, 1939, and 
was preceded by an ethmoidal sinusitis. Cultures of the 
pharyngeal exudate showed pneumococcus type XI as 
the predominating organism. There was no evidence to 
implicate the hemolytic streptococcus in this infection 
The exacerbation m this instance failed to produce any 
demonstrable effect on renal function 

In summarj, this 12-year-old girl with chronic glo- 
merulonephritis of 7 >ears* duration has been studied 
through 5 exacerbations m the past 3 years The 2 ex- 
acerbations apparently related to hemolytic streptococcus 
infection caused a temporary drop in renal function. The 
exacerbation said to be related to pneumonia is shown 
to have resulted only in a transient edema. The remain- 
mg 2 exacerbations failed to effect detectable drops m 
renal function It is of mterest that the urea clearance 
of 28 per cent of normal found during the fourth ex- 
acerbation on May 1, 1938, had risen to 76 per cent of 
normal durmg the fifth exacerbation on February 15, 
1939 

Despite the 5 exacerbations which were observed by 
us and 4 other exacerbations deduced from the history, 
this patient shows remarkably good functional reserve 
at the end of 7 years of extremely active glomerulone- 
phritis, if the frequency of exacerbation is accepted as 
a criterion of activity Not only is the urea clearance 
76 per cent of normal but the serum nonprotein nitrogen 
Ie\el is 22 mgni, per 100 cc. and the urea ratio is 45 
The blood pressure is 126/82, there is no edema, the 


albuminuria is only + and there are so few red blood 
cells m tlie urine that the benzidine test is negative 

Case JV {Go) 

This boy died of uremia in March, 1939, at the age of 
13 In 1931 at the age of 5 he had had scarlet fever 
and otitis media. Adequate urinalyses were not per- 
formed at that time Four years later, m March, 1935, 
he had a severe sore tliroat followed in 2 weeks by otitis 
media and edema of the face and ankles On admission 
to the Babies Hospital in April, 1935, he was found to 
have marked anemia, moderate generalized edema, hyper- 
tension (176/130), slight vascular changes m tlie ocular 
fundi, gross hematuria, heavy albuminuria, and numerous 
granular, hyalin, and red blood cell casts in the urinary 
sediment The nonprotein nitrogen level was 55 mgm 
per 100 cc, and the maximum specific gravity of the 
urine was 1 012, The climcal opinion was that the pic- 
ture represented an exacerbation in chronic glomerulone- 
phritis, rather than an imtial attack of acute glomerulo- 
nephritis It was beheved that the latter may have re- 
sulted from the scarlet fever m 1931 Despite the pres- 
ence of chronic pharyngitis, hemolytic streptococci could 
not be isolated by culture The antistreptolysin titer, 
however, was 144 units This value subsequently dropped 
to 71 units This is suggestive evidence that the pharyn- 
gitis and otitis media were probably due to the hemolytic 
streptococcus 

From Figure 3 it is seen that this exacerbation re- 
sulted m edema, hypertension and nitrogen retention 
There was a reduction in these three abnormalities after 
the exacerbation 

The subsequent history of this patient shows a gradual 
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reduction m renal competence until death 4 years later 
m March, 1939 

Cast V (At) 

Thb girl died m December 1937 of urenua and car 
diac failure at the age of 13. Three years earlier she 
had developed her first symptoms suggesting nephntu, 
when hospital examination showed the presence of 
marked albuminuria, moderate hematuria, moderate gen 
erahaed edema, cardiac hypertrophy and hypertension 
(148/100) 

The scrum nonprotcin mtrogcu was 50 mgm. per 100 
cc, she was unable to concentrate the urine above LOIS 
and the urea clearance was 36 per cent of normaL Qiron- 
icaHy diseased tonsils were removed without inadcnL 
On discharge from the hospital the hypertension, edema 
and urinary findings persisted. Her urea clearance had 
now dropped to 12 per cent of normal and the unne 
concentration test was fixed at 1010 
The patient first came under our observation m De- 
cember 1935 2 yean before her death. At this time, 
m addition to the manifestations of chronic gJomerulo- 
nephnds, a marked pansmusitis was fonnd. The exu- 
date from available smus orifices repeatedly yielded 
Gronp A hemolytic itrcptococQ on culture. A bilateral 
maxillary imusotomy was performed on December 31 
1935 and again on March 3 1936 without apparent modi 
ficabon of the nephritic process. 

Exacerbation I occurred on February 7 1936, within 
24 honn following the development of an upper re 
ipiratory infection and a flare-up of the smuijtis, Withm 
2 weeks an otitis media developed, but this complication 
subsided without operation. Group A hemolytic strepto- 
coca were isolated from the pharynx during the upper 
respiratory mfeebon and withm 6 weeks the antistrep- 
tolysm bter had risen from the base ime of 55 amts to 
a peak of 333 nmts. From Figure 4 it is observed that 
no stnkmg changes occurred m the edema level, the blood 
pressure values or the nonprotein mtrogen figure dur 
mg this exacerbation 

Exacerbation II occurred on February 5 1937 and 
was preceded by a sore throat 4 days earher Group A 
hemolytic streptococci were isolated from the pharynx 
and the anbstrcptolyim bter rose from a base Ime of 
71 umts to 166 nmts within 2 weeks. From the chart it 
may be seen that there ^va 3 a sharp drop in kidney fane 
tion associated with this renal flare-up. The serum non 
Protem nitrogen level showed a rise from 55 to 95 mgm, 
per 100 cc and the urea rabo reached a high level of 82. 
Following the exacerbation the nonprotem mtrogen re- 
turned to Its approximate pre-exacerbabon level and 
there was striking improvement m the urea raba 
The subsequent history of this pafaent was one of 
progressive decrease m renal reserve, with hypertension 
and cerebral hemorrhage dormnabng the picture There 
was almost conhntjous hcroolytK streptococcus infection 
during the 2 year penod m which we observed her 
Althou^ the presence of this mfeeboa may have con 
tributed to tbe iirogrcssivc renal damage, it may be stated 


that when opporttmity was available to follow the pa 
bent through a typical bout of hemolyUc streptococcus 
mvasion, the harmful effect of renal funeboo was tran- 
sient It cannot be denied, however that the pcrsutencc 
of the hemolytic streptococcus sinusitis may have con 
tributed to progressive renal damage m this pabent 

Case VI {Gon) 

Tins 13 year-old girl developed acute glomerulonc 
phritis probably m Apnh 1936, followmg a hemolybe 
streptococcus cervical lymphadenibs with abscess forma 
bon. From her history it was learned that in July 
1936 she had experienced a second attack of cervical 
lymphadenitis for which incuion and drainage was per 
formed. The hemolybe streptococcus was cultivated 
from the exudate. Slight ahnormalibes were observed 
m the urmc during this episode but accurate data con- 
cerning these changes could not be obtained. The pa 
ticnt spent the next year in Southern Florida and was 
In apparent excellent health. There were do urinalyses 
during this penod. 

She was first seen at Babies Hospital on Apnl 27 
1938, with an exacerbation of nephritis which is de- 
scribed m Figure 5 On Apnl 6 1938, there was swell 
mg of the neck, vomiting and fever One v^cck later 
gross bematiina was observed. One week before adnns 
lion, on Apnl 20 1938, an mcision and drainage was 
performed for the relief of the cervical abscess. When 
first seen by ns on April 27 1938, the patient presented 
the typical picture of active glomerukKiephntis. Cul 
tures of the cervical abscess discharge yielded Group A 
hemolybe streptococcus. The autiitreptolysin titer 
reached a peak of 715 units. 

From the chart it is seen tliat the first exacerbation is 
characterixed by an locrcase m albuminuria and be 
matuna. The figures for blood pressure, serum non 
protem nitrogen urea ratio and urea clearance show that 
the funebon had been impaired durmg the exacerbation 
and that improvement m renal reserve followed the 
flare-up. Smcc there is no adequate fore period study 
with respect to the functiooal tests, it is impossible to 
compare the post-exacerbation with the prc-exaccrbaboo 
levels, 

Exaeerbaiwn II occurred on December 6 1938, and 
appeared to be associated with a recrudescence of the 
chronic cervical lymphadenibs. This lesion was drained 
a month later when Group A hemolybe streptococci were 
again (Atamcd on culture of the purulent discharge. 
The anlistreptolyiin bter rose from a base line of 55 
units to a peak of 250 units. From the chart it is seen 
that this cxacerbaboa provoked a shght transient dis- 
turbance m kidney function, as shown by the mcrcasc 
in the urea ratio. 

In summary tins 13-ycar-oId girl experienced 2 ex 
actrbabons of chronic glomerulonephritis which m each 
instance effected a transient decrease m renal function. 

Case VII OVh) 

On August 4 1934 at the age of 10 this girl dcvel 
oped edema after a chill which was said ^ 
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Case V (Al) Observations Before, During, and After Two Exacerbations in 
Course of Chronic Glomerulonephritis 


induced by swimming’ Heavy albuminuria and micro- 
scopic hematuna were reported but the blood pressure 
was not taken. She was first seen bj us 5 weeks later 
on September 17, 1934 At this time she was found to 
have smoky urme, moderate edema of the face, sacrum 
and legs, a blood pressure of 190/160, and a scrum non- 
protem nitrogen value of 44 mgnx per 100 cc. There 
WTis moderate cardiac enlargement and the fundi showed 
slight edema of the discs and arteriolar spasm The 
serum albumin was 2.5 per cent and the serum choles- 
terol 475 mgm. per 100 cc. As far as one could tell, 
this episode represented the imtial attack of nephritis. 

There was no historj of an acute mfcction pnor to 
this renal episode be>ond the description of the chilL 
However, there was cvndcnce on admission of a chronic 


pharyngitis and chronic tonsilhtis Group A hemolytic 
streptococci were cultivated from the throat exudate on 
admission and from the excised tonsils 3 months later 
The antistreptolysin titer on admission was 33 units and 
remamed at this level for the next 9 months 

On December 12, 1934, a tonsillectomy and adenoidec- 
tomy were performed. There were no modifications in 
the urinary findmgs, the blood pressure values, or degree 
of edema following this operative procedure. However, 
the urmary output was diminished for 2 days following 
operation and the scrum nonprotem nitrogen rose from 
46 to 50 but 4 days later it had decreased to 31 mgm. 
per 100 cc. 

On February 7, 1935, she was admitted to the Babies 
Hospital for study Although interval observations had 
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Fig 5 . Case VI (Gon) Observations Bjtore, Durino, and Aiter Two Exacjo^ations in 
Coorsr of Chronic Glommoloniphritis 


not been frequent, there appeared to be dmical improve 
ment With modified reitrktJoo of activity there were 
no fymptomj referable to hypertcnjlon or cardiac itranu 
Faaal edema waj noted only occajlonahy and the unnary 
output was adcqtmte. In the hospital grou hematuria 
and heavy albumlnuna pcriuted* Slight edema of tbe 
face and ankles was present The blood pressure was 
180/130 and the serum nonprotem nitrogen ^^aJ 36 mgm. 
per 100 cc. These findings were similar to those noted 
on discharge m December 1934 
On February 21 1935, this patient contracted scarlet 
fever Group A hemolytic itrcptococd were Isolated 
from the pbaryme and tbe antutrcptolysln titer rose from 
25 to 333 umts. Two and a half months later this vahic 
had dropped to 71 umts. This antistreptolysin response 
of mterest in view of the low titer observed in 
August, 1934 despite the presence at that time of Group 
A hemolytic streptococci in tbe pharynx. It Is probable 
that tbe patient was a earner of the organism when first 
*ecn and that tbe hemolytic streptococcus had not invaded 


the tissues sufficiently to produce an antistreptolysm re- 
sponse. 

An ouccrhation of the nephritis Immediately followed 
the outial signs of scarlet fever Since the changes m 
tbe unne were to marked prior to the onset of tcarlef 
fever it was difiScult to evaluate changes m this respect, 
but it was observed that the urine became red at the 
onset of the rash (Figure 6) Although there were no 
dgmficant changes in the degree of edema or blood prci 
sure, the terum nonprotem mtrogen level rose from 36 
to 86 mgin, per 100 cc during the course of the scarlet 
fever One month later this value had dropped to 34 
mgm, per 100 cc. Although other tests for renal func 
tion were not done, it would appear that a transient 
decrease m renal reserve W'as induced by the attack of 
scarlet fever 

This patient was followed for 3 more years until her 
death on January 21 1938. In this period she had 3 
mfectiom one of which was shown to be Group A 
hctnoly'tK streptococcus otitis media. During this epi- 
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Fig 6 Case VII (Wh) Observations Before, During, and After Exacer- 
bation IN Course of Chronic Glomerulonephritis 


socle the patient was followed outside the hospital and 
renal function tests were not performecL Death was 
apparently due to cardiac failure Autopsy was not per- 
mittedL 

Case VIII (Le) 

This 14-year'old boy had a history of hematuria, ma- 
laise, and headache m July, 1938 There was no history 
of preceding infection, but when he %vas observed for 
the above symptoms he ^vas found to have otitis media, 
and 1 week later he developed a sore throat The 
albuminuria and hematuna dimmished but persisted and 
he was admitted to the Presbyterian Hospital m Sep- 
tember, 1938 Phjsical examination was negative except 
for a blood pressure of 140/90 The hemoglobm was 
76 per cent, albummuna varied from ++ to +4 — h, 
and there were 1-30 red blood cells per high power field 
The serum protem was 7*3 grams per 100 cc*, the non- 
protein nitrogen 33 mgm* per 100 cc,, and the phenol- 
sulphonphthalem excretion 55 per cent There were no 
hemolytic streptococci on throat culture and the anti- 
streptolysm titer was 71 imits* The diagnosis ^vas active 
glomerulonephritis 

In December, 1938, 3 days after exposure to “chill- 
mg," he de\ eloped gross hematuna. There w^as a history 
of a cough lollowmg the “chillmg" Group A hemo- 
lytic streptococa were not found m the throat, but the 
antUitreptoly sin titer rose from a base line of 71 to 100 
umts and later fell to 50 units Group F hemolytic 
streptococa were isolated from the throat on 3 occasions 
As shown m the table below, there was no evidence for 
significant changes m renal function dunng this exacer- 
bation. 


j 

1 

Before i 
exacerbation ^ 

During 

exacerbation 

1 

After 

exacerbation 

Hematuna 

+ + 

gross 

+ + 

Edema 

0 

0 

0 

Blood pressure 

120/90 

145/80 

135/82 

Nonprotein nitrogen 

30 

35 

28 

Urea ratio 


j 50 

40 


In February, 1939, he developed gross hematuna one 
day after a head cold. No hemolytic streptococci were 
cultivated from the pharynx and the antistreptolysin titer 
did not rise As shown in the table, the exacerbation 
caused no significant change in renal function 



Before 

exacerbation 

During 

exacerbation 

After 

exacerbation 

Hematuria 

+ + 

gross 

+ 

Edema 

0 

0 

0 

Blood pressure 

135/85 

148/98 

114/80 

Nonprotein nitrogen 

30 

37 

30 

Urea ratio 

42 

46 

1 50 


In this patient 2 exacerbations occurring m a 3 month 
period produced no significant changes m renal function. 


Case IX {Ke) 

This 15-year-old boy was known to have had rheu- 
matic fever and chorea at the age of 10 At that time 
his physician observed the development o( an apical sys- 
tolic murmur In January, 1936, at the age of 12, he 
developed pamicss edema of hxs ankles and his blood 
pressure was elevated. However, a single urinalysis 



exacerbation in chronic GLOUERULONEPHRmS 


585 


was reported to show no abnormality at that time. The 
edema of the ankle* wai of ibort dimatwn and he wa* 
m apparent good health until May 1937 when he bad 
a serere sort throat with fever of 103 Thi* wa* 
qmddy followed by the development of erythema no- 
dosum of both lower legs. Two week* after his sore 
throat his unne bccaiiie bloody and edema of the e>c 
lids and ankles was noted. 

He was first seen by us on July 9 1937 when he wai 
beUeved to have mhacutc glomerulonephnbs. Frequent 
unnalysei ibowcd the presence of H — ( — I — t* albumm with 
many red blood cells and a few granular casts ra the 
sediment The serum nooprotem mtrogen was 41 mgm 
per 100 cc and the blood pressure of 135/90 at bed rest 
wa* considered shghtly elevated for a boy of 13 The 
serum cholesterol wa* 312 mgm. per 100 cc. The only 
evidence suggestmg active rheumatism was furnished by 
the electrocardiogram. The P-R interval ro*e from 0 16 
to 0.20 and there were form changes cocubtent with the 
diagnosis of rheumatic myocarditis. These form change* 
disappeared within 3 weeks but the P-R interval re 
mained 020 for the next 2 yean. 

This patient was observed closely m the following 2 
year*. In November 1938, be had a Group A hemolytic 
streptococcu* throat infection without demonstrable ex 
accrbation of nephritis or rheumatic fever Of intcrcat 
1 * the fact that the albunununa which had been ++++ 
for 16 months, dropped to ++ with the onset of this 
Group A hemolytic streptococcus pharyngitis and per 
silted at this level for the next months until a fresh 
Group A hemolytic streptococcu* rafcction appeared to 
increase the alhummuna to its previous 4-+++ level 

On March 25 1939 the patient developed a sore throat 
following coryza. Group A hemolytic streptococci were 
isolated from the throat 40 times in the next 2^ months. 
The antistreptolysin titer rose from a base line of 144 
to a peak of 333 unit* This ivas considered adequate 
evidence for hemolytic streptococcus mfccrtion. Withm 
the next 2 months evidence for an exacerbation of the 
rheumatism rested on the development of a pamful nght 
wnst and an Increase m the P— R interval from 020 to 
024 In addition STi and ST, were shghtly elevated. 
The albummuria which had been 4 — h for 4 months 
rose to +++4- In this same 4-month period the red 
blood cells in the urmc had been reported as bang absent 
or rare except for 2 of 9 examinations wlicn the maxi 
mum value was one red blood ccU per high power field. 

From the Addis counts it was shown that the pre- 
mfectiou output of 3 000 000 white blood cells bad risen 
to 75/100000 after the pharyngitis. The excretion of 
red blood cell* rose from 4000000 to 50 000 000 after 
the phar 3 rngitjs. The urea ratio which on 3 occaiion* 
between January 17 1939 and Mardi 25 1939 had been 
between 29 and 31 rose to a maximum of 55 and stdisc 
qucntly dropped to 40 However the scrum nonprotcin 
nitrogen level showed no dumge. There was no edema, 
but the blood presturc reached a maximum of 180/120 
with this episode. In the lubscqucnt 3 months the blood 
prcfsure had decreased, but persisted at a higher level 


than was observed ra the prc-exaccrbation phase. There 
were no danoi)strable eye-ground changes. The phenol 
sulphonphlhalan excretion was alway* over 75 per cent. 

It would appear that an exacerbation of rhemttatic 
fever and glomemlonephriUs occurred m this boy fol 
lowing a Group A hemolytic streptococcu* infection. 
The evidence for a decrease m function associated with 
the ncphntis is meager bang based only on the rise 
m the urea ratio. 

Case \ (Hd) 

This 17 year-old Negro was known to have had glo- 
menilonephntii for at least 4 years previous to our 
first exammation 8 months before hij death. Early in 
hfe he ^vas found to have congcmtal syphilis for which 
he recaved vigorous treatment When seen by us his 
blood Kline test was strongly positive. 

Early ra October 1938, he developed coryza outside 
the hospital. This was quickly followed by the develop' 
ment of generalized edema with an increase m the de- 
gree of hematuria as compared with the previous values 
observed 2 months carher Although Group A hemolytic 
streptococcus was not recovered from his pharynx, his 
antistreptolysin level rose from 83 to 333 muts. 

The efifect of this hemolytic streptococcus infection on 
the renal status of this patient is shown m Figure 7 
The degree of albummuria changed from -^4" to 4"+++ 
and reraamed so until hu death 4 months later The de- 
gree of hematuria rose from -f* to ++4- with the ex 
accrbation but then dropped to a nrimmam. The average 
Addi* count for red blood cells in the prolonged post 
exacerbation period was 1000 000 for the nocturnal 12 
hour penod. The changes ra edema blood pressure 
nonprotem nitrogen retention, and phenolsulpbonphthaleui 
excretion noted m Figure 7 radicate that, whereas the 
period of hematuria was associated with the development 
of marked edema, the other value* were not strikingly 
abnormal m tin* same period. The patient wa* consld 
ered to have lapsed Into the nephrotic state of chronic 
glomcralonephnb*. The scrum protein value was 4 JO 
gram* per 100 cc. with the albumm 17 gram* per 100 
cc. The serum cholesterol wat 305 mgm, per lOQ cc. 
Although no further hemolytic streptococcu* mfections 
could be demonstrated there was a progresaive drop m 
renal function beguramg about 3 months after the onset 
of the exacerbation. The water retention became almost 
maximal, the blood pressure mounted to 230/130 and the 
scrum nonprotem mtrogen level rose to 171 mgm. per 
100 cc. The pbenolsulphonphthalem excretion which 
had been 40 per cent, dropped to zero per cent within 
the next 2 months. 

The patient died on April 9 1939 of acute cardiac 
failure. The autopsy showed the renal lesions typical of 
chronic glomeruloncphrrti*. Bismuth inclusions were 
found m the renal tubules. There was no histological 
evidence of acute gbmenilonephntis. 

From our study of this patient we were led to con- 
clude that a hemolytic streptococcus infection had ap- 
parently induced an exacerbation of nephritis which at 
first assumed the pattern usually described as the ne- 
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Fig 7 Case X (Ed) Obsehvatioks Before, During, and After Exacerbation 
IN Course of Chronic Glomerulonephritis 


phroUc stage of chronic glomerulonephritis It was not 
until 3 months after the onset of the exacerbation that 
a progressive decrease in renal function appeared mde^ 
pendent of the disturbance m the salt-water equilibnum* 
It IS possible that m this patient the hemolytic strepto- 
coccus mfection initiated an exacerbation which resulted 
m a permanent drop in the renal function, but it cannot 
be denied that the progressive renal failure might have 
occurred in the absence of the infection 

Case XI {Pa) 

This 17-> ear-old girl apparently developed acute glo- 
merulonephritis in Puerto Rico at the age of 14 She 
gave a history of recurrent ulcers of both legs as a 
child but had never developed lymphedema of the ex- 
tremities. It was of mterest that the last episode of 
chronic ulceration of the legs terminated about 1 month 
prior to the onset of acute glomerulonephritis The pa- 
tient did not recall an upper respiratory infection prior 
to the onset of her imtial attack of hematuria. Durmg 
the next 2 >cars there were two attacks of gross he- 
maturia, one m Puerto Rico and one m New York City 
No data are at hand concermng prodromal mfection with 
these episodes. 

Tuo weeks pnor to her admission to Presbyterian 
Ho-ipital m Ma> , 1939, she vvtls said to have passed “ red ” 
unne. This persisted for 4 da>s A few days after 
the onset of hematuria she was avvme of a cold and 5 
da>s later she had a sore throat with d>sphagia. 

WTicn she was admitted to the hospital 1 week after 
the sore throat her phao^ix was still red and her tem- 
perature W'as 101“ One out oi 18 throat cultures showed 
a Group A hcmol>tic streptococcus. Her first anti- 
streptoI>sin mer was found to be 500 units This v^alue 
rose to 1250 units and 4 months later had dropped to 


250 units The evidence would thus suggest that the 
exacerbation occurred concomitant with a hemolytic 
streptococcus infection 

From Figure 8 it is seen that the hematuria charac- 
teristic of the exacerbation is a transient finding It is 
of mterest that m this patient there is evidence that the 
exacerbation mitiated a diuresis since the patient showed 
no edema durmg the acute phase of the renal flare-up m 
contrast to the data prior to and after the exacerbation 
This finding is unrelated to salt restriction smee water 
retention occurred m the post-exacerbation period despite 
the mamtenance of a diet similar to that provided during 
the exacerbation From the data on the chart concerning 
the phenolsulphonphthalein excretion and the serum non- 
protem nitrogen values, it is apparent that a transient 
drop in renal function occurred durmg the renal flare-up 

Case XII {Du) 

This 18-year-oId girl had been observed by us for 55 
months prior to her death from uremia on November 
29, 1938 At the age of 9 she had had scarlet fever with 
cervical lymphadenitis In her tenth year she was re 
ported to have had 3 severe sore throats, 2 of which 
were complicated by a peritonsillar abscess A persistent 
albunimuna was detected about this time. At the age 
of 13 edema first appeared and the diagnosis of chronic 
glomerulonephritis was established. 

She was first seen by us on April 19, 1934 In the 
followmg 55 months 2 frank exacerbations of the nephri 
Us occurred The first bout appeared one day after a 
mild sore throat on December 9, 1934 A hcmolyUc 
streptococcus was recovered from the pharynx but failed 
to grow on subculture when attempts at grouping were 
made. An adequate senes of antistrcptolysm determma- 
tions showed no nse above the previous base line of 2o 
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umt5. It was condoded, therefore, that there waj m 
ttiffiaent evidence at hand to incnminate the hemolytic 
streptococau as the cause of the exacerbation. The lat 
ter was charactenxed by gross bematuna. Urinalyses 
prior to the exax»batxin bad always shown many red 
blood cells in the sediment with some reports describmg 
the sediment as saturated with red blood cells. The 
effect of this exacerbation on renal function was as 
follows The minima l degree of edema remained un 
changed. The pre-ex?cerbation blood pressure of 130/88 
rose to 155/100 and the blood urea value rose from 30 
to 47 mgra. per 100 cc. When the gross hematuria 
terminated, only 20 red blood cells per high power held 
could be found m each of 50 nruie sediment examinations 
crer a 2 month period. It was of interest, therefore, 
that the degree of bematuna immediately following the 
exacerbation was less than that observed in the pre-ex 
acerbation period. Although the blood pressure con 
tinned at the exacerbation level blood urea dettmana 
tlons showed that a Dorroal value was reached after the 
exacerbation. 

The second exacerbation followed a prolonged hemo- 
lytic streptococcus mfcction begmmng on April 13 1935. 
A sore throat associated with a shaking chill and high 
fever was followed by an acute cervical lymphadenitis 
and otitis media. These infections subsided without sur- 
gical intervention. Hemoijrtic streptococci were isolated 
from the pharynx 1 month after the onset of the sore 
throat. It was impossible to obtam earlier cultures since 
the patient was outside the hospital in a convalescent 
home. This mfectwn was followed by a rise in the 
antutreptol 3 rsm tHcr from the base Imc of 33 imits to a 
peak of 250 units. 


Within 2 days following the onset of the sore throat, 
gross bematuna supervened. The bloody urme persisted 
for 5 days and then disappeared to return 4 weeks later 
following a recnri esccn ce of the pharyngitis and cervical 
lymphadenitis. There was a temporary increase m the 
degree of edema and m the serum nonprotem nitrogen 
level during the exacerbation. The pre-cxacerbatioa 
scrum nonprotem nitrogen of 30 rose to 40 mgm. per 
100 cc. during the renal flare-up but a subsetpicnt blood 
urea determination m the post exacerbatton period was 
within normal limits. Evidence was not obtained to 
prove a drop in renal functioa. It was of mtereit that 
the prc-exaccrbation degree of hematuria of 80 to 100 
red blood cells per high power field was decreased to 10 
to IS red blood cells per high power field following the 
second bout of gross hematuna. This lower value per 
sisted for 2 months. 

In the S^-ycar period following the last exacerbation 
the patient was seen on 21 occasions. Seven colds and 2 
sore throats occurred during this time. Group A hemo- 
lytic streptococci could not be recovered from the pharynx 
during these visits and the antistreptolysin titer was al 
ways between 25 and 50 umts. The nephritis progressed, 
with microtcopic bematuna and increasing hypertensioti 
the dominant features. Acute cardiac msuffiaency mapi 
fested by dyspnea, even at bed rest, and nocturnal dyipoca 
characterized the final months of her illness. There was 
no edema. She died m uremia. Terminally there were 
convulsive seizures and puhnooary edema. The autopsy 
findings were those of chronic glomcruloocphntis. 

Core XIII (J/o) 

This 33-year-oId man was rejected for hfc msurance 
m 1933 because of obesity Albummuna and ihgbt cylln 
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duria without hematuria were demonstrated in 1936 In 
June, 1937, he developed pneumonia- Information con- 
cerning the etiology of this infection is not at hand 
One week after tlie onset of the pneumonia gross he- 
matuna appeared associated with renal cohc- The blood 
pressure was 115/80 to 130/80 at that time. His physi- 
cian ascribed this abnormality to renal calculus but sub- 
sequent x-ra>s failed to disclose the presence of a stone 
in the urinary tract. The pneumonia terminated and he 
was out of bed 3 weeks after onset Except for epistaxis 
and frontal headache appearing about once a week, he 
was well for the next 6 months Early in December, 
1937, he developed an upper respiratory mfection asso- 
aated with cough and dyspnea. His headache and epis- 
taxis became more severe and 1 week after the onset 
of the upper respiratory mfection gross hematuria and 
edema developed 

He was first seen by us on December 29, 1937, 2 weeks 
after the onset of hematuria and the edema. The 
phaiynx was injected but repeated throat cultures failed 
to reveal the presence of hemolytic streptococci How- 
ever, the antistreptolysin titer was 333 units This level 
subsequently fell to 71 units The latter data mdicated 
a recent hemolytic streptococcus mfection. During the 
first week in the hospital he was critically ill, being 
practically anuric for the first 24 hours Figure 9 illus- 
trates the available data concerning the urinary findings 
and certain functional tests m the periods before, during, 
and after the exacerbation 

It IS seen that the gross hematuria durmg the exacer- 
bation was reduced to a ++ level within 2 months 
This degree of hematuria persisted unchanged for the 
next 19 months The nonprotem nitrogen value of 175 


mgm. per 100 cc during the exacerbation returned to i 
normal value of 30 mgm per 100 cc in 2 months and 
has persisted at this level Similarly, the phenolsulphon- 
phthalein excretion value of 3 per cent during tlie ex- 
acerbation, was 45 per cent m the fifth month, and 60 
per cent m the eleventh month after the exacerbation. 
The edema disappeared following the exacerbation and 
the hypertension was markedly reduced. Almost 2 years 
after the exacerbation the only evidence for hypertension 
is noted in the diastolic phase where the values run 
between 87 and 105 

During the sixteenth month following the exacerba- 
tion, the patient e-xperienced a severe sore throat The 
antistreptolysm titer rose from the base line of 71 units 
to 200 units, though the few throat cultures which were 
available failed to reveal the presence of hemolytic strep 
tococcL Gross hematuria did not supervene and the 
degree of albuminuria was unchanged There were no 
significant changes in the renal function tests, all of 
which remained normal 

In summary, this 33-year-old man had apparently had 
chronic glomerulonephritis for at least 2 years before a 
pneumonia induced a gross hematuria He was not ob- 
served by us through this episode Six months later, 
however, a proved hemolytic streptococcus infection pro- 
duced a major exacerbation of his nephritis A profound 
decrease m renal function resulted, but additional study 
showed that this drop was temporary rather than per- 
manent It was of interest that 16 months following 
this exacerbation a hemolytic streptococcus pharyngitis 
failed to produce gross evidence of an exacerbation and 
did not impair renal function, which appeared normal by 
the usual tests 
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If a normal subject under resting conditions 
IS changed from breathing atmosphenc air to 
breathing 100 per cent oxygen, his lungs wUl 
then be progressively washed free of their normal 
content (about 80 per cent by volume) of the 
inert gas nitrogen, the latter being replaced by 
oxygen 

In addition, the nitrogen gas in physical solu 
tion in body tissues (m amount about 1000 cc,) 
will be gradually elimmated earned from the 
tissues to the lungs by the blood stream, and 
Will finally diffuse into the alveolar air spaces 
which have been depleted of their mtrogen 

This procedure mvolves several physiological 
phenomena of interest m connection with pul 
monary ventilatory function The investigation 
of these will form the subject matter of this and 
the followmg papers. The phenomena con 
cemed may be desenbed as follows 

(a) The rata of emptying of nitrogen from the 
lung during pure oxygen breathmg will depend 
upon a number of factors the volume of residual 
air m the lungs, the volume of tidal air rate of 
respiration and the adequacy of distnbution of 
each tidal breath to deeper pulmonary spaces (1) 
This rate of emptying is also an effective means 
of measuring efficiency of the ventdator^ process 
that 13, the emptymg of nitrogen from a pul 
monary air apiace with a given breath, gives an 
index of the effectiveness of this breath m re- 
moving carbon dioxide from, or addmg oxygen 
to this same air apace. 

The great defects that may exist m this func 
tion, m pathological lungs, can be illustrated by 
example. Figure 1 describes an expenment in 
which the mtrogen concentration of alveolar air 
has been measured during the course of pure 

* Formerly Research Divmcm Metropolitan Hotpital 
Department of Hospitals, New York Gt> 


oxygen breathing (I) m a normal subject, and 
(3) m a patient with advanced pulmonary em- 
physema The delay m emptying the lungs of 
mtrogen, in the latter case is stnking In the 
third paper of this senes (2), we will return to a 
further consideration of this type of procedure 

(6) The mtrogen m the lungs has been found 
to serve as a convenient means of measuring 
lung volume In the simplest and most widely 
used of these methods, that of Chnstie (3) the 
subject rebreathes for seven mmutea m a dosed 
circuit containing a spirometer filled with oxygen 
The concentration of mtrogen m the lungs at 
the start of the procedure the concentration m 
lungs and spirometer at the end, and the volume 
of the gases m the spirometer are known From 
these values the volume of gas m the lungs can 
be calculated The calculation assumes a nearly 
even mixture of nitrogen through the lung 
spirometer dosed aremt at the end of the re 
breathmg penod In this case the lungs are 
emptied of a known fraction of the contained 
nitrogen rather than of all mtrogen In the 
second paper of this series we attempt to study 
the adequacy of this assumption of even mtra 
pulmonary mLxture m normal eind pathological 
subjects, m the Christie type of lung volume 
determination 

(c) In any method which attempts to measure 
mtrapulmonary mtrogen by washing a part or 
all of this gas out of the lungs, it is obvious that 
a correction will be necessary due to the mtre^en 
excreted from the body into the lungs, whenever 
the normal alveolar mtrogen concentration is 
lowered. The present paper is concerned with 
the determmation of an adequate correction 
factor due to nitrogen excretion from the body 
and Its application in the measurement of re 
sidual lung volumes 
591 
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Fig 1 Rate op Emptying of Nitrogen from tub Lungs During Pure 

OwGEN Breathing 

Ordinates, per cent of nitrogen in alveolar air sample 
Abscissae, time (m minutes) after starting pure oxygen breathing 


The factors involved m the excretion of nitro- 
gen (from the body into the lungs) may be listed 
as follows 

1 Gradient of partial pressure of nitrogen 
betA\ een pulmonarj' blood capillaries and alveolar 
air spaces In normal subjects, as shown m 
Figure 1, alveolar nitrogen falls to a low figure 
within two minutes of oxygen breathing Dur- 
ing this time the partial pressure of nitrogen m 
the tissues is still high, whereas the mtrogen m 
the lungs has been rapidly decreased by succes- 


sive normal respirations The rate of excre- 
tion of nitrogen from the body will therefore be 
highest during the early minutes of oxygen 
breathing (after the first few breaths have estab- 
lished a blood-alveolar gradient), and will de- 
crease as the tissue nitrogen is depleted 

2 Since the alveoli are exposed to only a part 
of the arculating blood at any one time, the 
second important factor is the rate of blood 
circulation This pnnciple has been used for 
estimations of cardiac output (4, 5), but has now 
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been discarded because of techiucal difficulties 
Thus the nitrogen excretion should be lowest 
under basal conditions t e , when the cardiac 
output IS at a minimum It is useful to visualize 
the cardiac output as limiting the mtrogen excre- 
tion during any given period of time 

3 Time factor This is simply the converse 
of the first two considerations, and its importance 
13 suffiaently mdicated above 

4 Total amount of nitrogen m the body The 
size of the mdividual is obviously a significant 
factor It was also shown many years ago by 
Vernon (6) later by Campbell and Hill (7), 
that a disproportionate part of body nitrogen 
exists m fatty tissues in which the gas is five 
times as soluble as m water or blood 

A careful study of nitrogen excretion from the 
body dunng axygen breathing, as well as its 
reabsorption during mtrogen breathmg has been 
earned out by Shaw and others (8), using dogs 
They studied the process of nitrogen excretion 
only durmg the period ajitr the residual lung 
volume had been washed nearly free of mtrogen 
that 18 after the first seven mmutes of quiet 
breathing Their findings were (a) the curves 
of mtrogen excretion dunng oxygen breathmg, 
and of mtrogen resaturation dunng air breathing 
after oxygen breathing, were similar (6) mtrogen 
excretion was proportional to the mtrogen pres- 
sure gradient between blood and lungs both 
facts predictable if the nitrogen is a simple dis 
solved gas. 

For the calculation of a correction factor m 
lung volume determinations, it is of course the 
mtrogen excreted mto the lungs dunng the first 
few minutes of oxygen breathing that is un 
portant Several mvestigations of this aspect 
of mtrogen excretion have been made. In gen 
eral the procedure has been to measure the 
total mtrogen elunmated from the lungs during 
a given penod of oxygen breathing, then to sub- 
tract from this the excess of mtrogen in the lungs 
at the start of oxygen breathing over that still 
m the lungs at the end of the oxygen breathing 
penod It might seem that no satisfactory solu 
tion can be reached if the residual air must be 
known before mtrogen excretion can be calcu 
lated, and vice versa Actually, the lungs can 
be nearly freed of mtrogen (down to 4 per cent) 


by a few quick deep breaths, m this way any 
error m residual air figure will involve an error 
only 1/25 (4 per cent) as large m the final mtrogen 
excretion figure 

Usmg a small rebreathmg arcuit, Bomstem 
(4) found about 90 cc. of nitrogen excreted durmg 
the three nunutes followmg a penod of seventy 
seconds of overbreathmg with oxygen to wash 
out the alveolar nitrogen 

Campbell and HiU (7) measured it for a suntlar 
imtial three ramute penod and for subsequent 
two-ramute penods up to fourteen minutes As 
surmng but not measuring 60 cc. excreted during 
the first ramute, they found values of 185 to 
217 cc. dunng the first five mmutes of pure 
axygen breathing and 10 to 15 cc. per minute 
for later mmutes. Their values dunng exercise 
were considerably higher 

Behnke, Thomson and Shaw (9) have meaa 
ured mtrogen excretion m three normal men, 
usmg a technique similar to that of Shaw, 
Behnke, et al m their dog expenraents The 
mtrogen excretion dunng the first five mmutes 
of oxygen breathmg was not included These 
mvestigators found that the curve of nitrogen 
excretion could be expressed by two equations, 
the first describing the early phase (first twenty 
five minutes) of nitrogen excretion, the second 
the later phase when mtrogen stores m body 
fat depots were being depleted It is of mterest 
that the time for complete unsaturation m man 
IS longer than m dogs and that the two tunes 
are inversely proportional to the cardiac output 
per umt of body weight m the two species 
Using the equation for the first part of their 
measured penod, they have extrapolated to de 
termme the curve for the first five minutes 
From their data we have calculated the mtrogen 
excretion dunng the first seven mmutes and 
found the figures to average 241, 181, and 212 cc. 
in the three normal subjects they studied 

In our experiments we have measured the 
mtrogen excretion only durmg the fiirst seven 
mmutes of oxygen breathmg, smee this is the 
penod of mterest in connection with lung volume 
measurement In order to measure it dunng as 
much as possible of the first ramute we have 
made the prehmioary penod for washmg out 
the alveolar mtrogen only twenty seconds. This 
seems to be adequate for the normal subjects we 
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The dosed rebreathing circuit has been widely 
used for residual air measurement (1, 2, 3 4, 5, 
and others) The essential features of the ap- 
paratus and procedure were the same m all A 
spirometer filled with high oxygen (or with a 
h>drogen containmg) gas mixture was attached 
to the test subject. The carbon dioxide was 
removed with soda lime or other alkali m the 
circuit and the subject breathed for a penod of 
time until the nitrogen (or hydrogen) was redis- 
tnbuted m the circuit The residual lung gas 
volume was calculated from the amount of redis- 
tributed gas. 

In most of the work it was assumed that at the 
end of five or more minutes of quiet breathmg the 
gas in lungs and spirometer was umform m com- 
position, except for a shght excess concentration 
of inert gases in the lungs. This excess was 
assumed to be the same as that occurrmg dunng 
the breathmg of room air On the basis of these 
assumptions the net change m spirometer gas 
concentration was considered the same as that m 
the lungs dunng the rebreathmg 

By actual measurement of the gas concentra 
tion m the vanous parts of the spirometer system 
and the alveolar gas, La^en Coumand and 
Richards (6) concluded in the study of normal 
subjects that these assumptions were not vahd 
Rather than an excess they found a lower con 
centraUon of mtrogen in the lungs them in the 
spirometer at the end of a breathing penod 
They explamed these findings as due to the con 
stantly increasing mtrogen concentratioa which 
resulted from the steadily diminishmg spirometer 
volume This effect they called the oxygen 
storage* effect To correct for it they intro- 
duced alveolar air concentrations mto the calcu 
latioa an d found that this correction made a 
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difference of several hundred cubic centimeters 
m the residual air value m some subjects 

Other workers have found variable results m 
testing the need for this correction Anthony 
(7) usmg a larger spirometer and a powerful 
motor blower failed to find any need for alveolar 
measurements. The discrepancy from Lassen, 
Coumand and Richards findmg seemed to be 
explamed by the difference in apparatus, Kalt 
reider Fray and Hyde (8) beheved from the 
study of SIX normal subjects that the correction 
due to the “oxygen storage effect was negligibly 
small Herrald and McMichael (9) confirmed 
the presence of a sigmficant "axygen storage” 
effect and proposed a modified procedure m 
which the spirometer volume was kept constant 
by added oxygen 

In severe cases of pulmonary emphysema, 
Coumand Lassen and Richards (10) found no 
such predictable “axygen storage ' effect as m 
normal subjects Moreover they found extreme 
vanabihty of results in these subjects on sue 
cesaive measurements Some figures obtamed 
seemed improbably high, considenng the ex- 
ternal chest measurements of the subjects. 
From this they suggested that m these subjects 
there was an unequal distnbution of respiratory 
gases withm the lungs If this were true the 
alveolar air as measured was not a tme index of 
average lung gases Previously Sonne and his 
coworkera (11 12, 13) had shown this lack of 
umformity of the alveolar air not only m em 
physeraa but also m some normal subjects By 
fractional analyses of alveolar air after breathing 
hydrogen Roelsen (14 15) has shown an even 
greater factor of unequal distnbution than was 
evident m analyses of the normal respiratory 
gases In the residual air measurements it is 
possible that this factor may be stiff more mag 
nified m its effect, smee here the entire gaseous 
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hand, gives no information as to the true value 
for the residual lung volume 

methods 

Method la {decreasing lung nitrogen, dtniintshtng 
volume) 

Th\s \s the ChnsUe method as modiEed by Lassen, 
Cournand, and Richards (6) to include alveolar air meas- 
urements before and at the end of the rebreathing penod 
The apparatus shown in Figure 1 is fundamentally that of 
a Benedict-Roth basal metabolism apparatus, with a few 
additions The soda lime carbon dioxide absorber {SX ) 
and the flutter valves (Fi, Ft) are inserted outside the 
spirometer The chief addition is a valve (7i) adjacent 
to the mouthpiece (AT), which can be turned either into 
the spirometer circuit or into a side circuit fitted with 
similar flutter valves {Fj, Fa) In the expiratory side of 
this circuit are inserted the alveolar sampling tubes The 
dead space from mouthpiece to these tubes is approxi- 
mately 100 cc, A valve (Fj) is inserted to close the 
inspiratory gas flow during alveolar sampling 

In preparing the apparatus for Method la, the dead 
space was washed repeatedly with room air by raising and 


lowering the spirometer bell The water level in the 
spirometer was kept at a measured level At this level 
the dead space of the spirometer system had been pre- 
viously determined (Christie) After washing, the valve 
(Fi) was turned to the side circuit, thus closing the 
spirometer circuit Oxygen was then admitted through 
R I , usually about 4000 cc The actual amount was mcas 
ured on the graphic tracing after constant temperature 
had been reached In practice, the amount of oxygen 
added was varied, depending on the size of the residual 
air and the oxygen consumption expected Ideally, it 
should be such an amount that the final spirometer gas 
after rebreathing should be slightly under 50 per cent 
oxygen The apparatus was tested for leaks by registering 
a short period on the drum wth a weight placed on the 
spirometer bell A straight horizontal line should be 
drawn 

The subject, preferably under basal conditions, then 
inserted the mouthpiece and applied the nose clip When 
breathing quietly through the side circuit, he was in 
structed to exhale fully for an alveolar specimen which 
was taken at the end of three to five seconds of forced 
expiration Quiet breathing was then resumed and con- 
tinued one to two minutes, or until the effect of the exertion 
of alveolar sampling had passed With the drum moving, 
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the valve (7i) WTia then turned to the ipuDraeter orcnit 
a* nearly as possible at the end of a quiet expiration 
Quiet breathing was recorded for the standard tune of 
seven minutes, or a longer period as desired in some data 
to be reported Near the end of this period the spjrom 
cter temperature was reach At the end of this time the 
\’alve (Vj) Hns turned to the side curcuit and simultane- 
ously the subject expired fully for alveolar sampling It 
was not necessary that thm valve shift cxxmr at the end 
of a normal expiration In fact it was found better to 
turn it Immediately after the start of the expuation The 
spirometer gas sample was then taken by placmg a vrcight 
on the spirometer bell opening ih/ allowing approxi 
matcly half the gas to escape and then taking the sample. 

There were three gasea to be analyted the spiroracter 
and two alveolar specimens which we shall call alv d and 
alv p For calculation only the nitrogen percentage 
needed to be measured as the difference between the total 
and the combined oxygen and carbon dioxide. Actually 
frequent analyses were made for carbon dioxide separately 
on the spirometer to check the efficiency of the soda hme 
and on the alveolar specimens to be sure that specimens 
were not significantly diluted with dead space gas Anal 
>scs were made with a Haldane apparatus in which the 
burette was calibrated for up to 50 per cent absorbable 
gases, 

AH volume measurements were made from the traemgs, 
together with the previously measured dead space of the 
apparatus The volume of added oxygen in the spirometer 
was recorded at the time it was run m the oxygen con 
sumption during the experiment w'as measured from the 
slope of the tracing The initial volume minus this con- 
sumption equals the final spirometer volume to which the 
dead space volume was added to obtain the final volume of 
spirometer system. 

The formula for the F RmA. calculation is obtained from 
a mathematical statement that the nitrogen in the lungs 
and spirometer at beginning and end is equal (with a 
correction for nitrogen excretion) 

Let Fd—vok Nj containmg gas m spirometer system at 
start (In this case — D.S. dead space) 

Kp—finalspir vol 4-D.S 

Spif p »«analysi8 of spir gas for Ni expressed as part of an 
atmosphere 

^ —alveolar N| analyses m same units, 

FJLA, — functional residual air m cc. 

Then 

FRA(aIv a) + Va(0 791) 

— F RJV (alv ^)-f y^(Splr p)— Nj excretion 

Solving 

F p— Ka(Q 791) — Ni excretion 

alv d—alv P 

From Paper 1 of this senes (16) 

N.«crrtlon-^tL«9!:^X220 

(For seven mmutes breathing time 10 cc added to 

220 cc for each minute after seven if longer period ) 


Substituting 

^ FpSpir p--7g(0 79l_) 

^ alv d-alv p 

All analyses with Haldane apparatus give proportions 
of dry gas so Vp and Vd were corrected to dry gas at the 
temperature of the experiment before substituting in the 
fonnula. The F R A. value then obtained may need a 
slight correction if the rebrcathing penod did not begin 
at the exact end of a normal expiration Such a correction 
was determined from examination of the tracing After 
this correction the F RJ\ volume was corrected to 37 C 
and saturation with water vapor 

Method lb {decreasing lung nitrogen, constant 
volume) 

This procedure differed only m a few details from lo. 
Immediately after the start of the rebreathlng period a 
steady flow of oxygen was begun through RJ (Figure 1) 
equal to the resting oxygen consumption This figure was 
estimated from a previous traang For regulating the 
flow a Forregger flow measuring valve was used with a 
fine and coarse water manometer gauge. This flow of 
oxygen was turned off fifteen seconds before the end of 
the rebrcathing period. 

The formula for calculation is unchanged Vd is still 
the D,S (dead space) A base line drawn on the traang 
as in la will be approximately horizontaL Vp will be 
D,S -hOt volume added at start db correction for any devia 
tton of tracmg from honxontaL 

Method Ila {increasing lung nitrogen dimin 
tshing volume) 

This method required the same apparatus with only one 
additioa. On the mlet valve of the side orcnit a rubber 
anesthesia bag (B) was attached This in turn was con 
nected with an oxygen tank fitted with reduction and flow 
measuring valves. 

In preparing the apparatus, the spirometer and dead 
space were washed with room air as before then partly 
filled with room air and tested for leaks. The volume of 
room air admitted to spirometer was usually 2000 to 
3000 cc. bat was conveniently made larger with subjects 
of large F R,A. and smaller with small subjects. 

With Vt open to the side arcuit and the oxygen flow in 
that circuit maintained at 7 to 8 liters per minute the 
subject was then attached to mouthpiece and allowed to 
breathe quietly for ten minutes. Oxygen flow was ad 
justed to keep the anesthesia bag partly full The ten 
minute penod was chosen because preliminary experiments 
measuring alveolar mtrogen values at frequent mtervals 
during oxygen breathing showed that in normals a low 
plateau level for alveolar mtrogen was reached after three 
to four minutes in severe emphysema a slightly higher 
plateau level was reached in ten to twelve minutes. 

At the end of ten minutes of oxygen breathing an 
alveolar specunen was taken with the Inlet valve (Ft) 
dosed for the few seconds of the procedure. Oxygen 
breathing was contmued for two additional mmutes to 
reach a resting level then at the end of a normal expiration 
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\7ilve Vi was turned to the spirometer system For seven 
minutes or longer, spirometer breathing was recorded on 
the drum and an aheolar speamen taken at the end, as 
m Method I It was found advisable to partly w'ash out 
the tubing of the side circuit with room air before taking 
the alv p specimen, in order that the high oxygen pre- 
viously there would not too greatly dilute the nitrogen of 
the alveolar air 

Using the same symbols as in Method I, the calculation 
formula IS similarly denved 
FR A (alv d)-i-Fd(0 791) 

=F R A. (alv p)-\'Vp(Spir absorbed 

Solving 

Fd(0 791)- Fj?(Spir p) -- N, absorbed 
alv JJ— alv d 
Substituting formula for Ns absorption 

Vd(0 m)-Vp{Spir p) 
alv p— alv d 

Vd in this case is the dead space plus the room air 
added to system Vp is this value minus the oxygen 
absorbed during the rebreathmg period Corrections are 
made as m Method I for inexact starting point, temperature 
and for water vapor 

Method Ilb {tncreastng lung mitogen^ consta7tt 
vohme) 

This modification of Method II is exactly analogous to 
the “b‘' modification of Method I The volume was kept 
nearly constant by a steady flow of oxygen into R I 
dunng the rebreathmg penod, up to fifteen seconds before 
the end 

The calculation formula is likewise unchanged Vp in 
this case equals Vdzh any necessary correction for devia- 
tion from horizontal m the slope of the traang 

Actually the Method Hb was used more frequently 
than I la in those cases in which only a comparison of 
results by Methods I and 11 was desired One reason 
for this wxis that m the ‘*b** modification there is no 
chance of obtaining a final breathing mixture of less than 
21 per cent ox>gen, as is possible m Ila 

RESULTS 

The subjects for this work consisted of six nor- 
mal persons and ten patients w ith severe pulmon- 
ary emphysema The normal subjects included 
physicians and ambulant hospital patients with 
non-pulmonary diseases In the patients with 
emphysema, the diagnosis w as established by the 
physical signs, the x-ray and the spirographic 
traangs All suffered from severe dyspnea, six 
out of ten show ed a reduced artenal oxygen satu- 
ration Only one subject (Ant C ) seemed to be 
suffering from some degree of cardiac failure, and 
in this case the pulmonary disturbance seemed 
predominant Two subjects w ho have since died 


were examined at autopsy and the diagnosis of 
emphysema confirmed They also showed some 
degree of bronchiectasis and it is probable that 
some of the living subjects also showed this com- 
mon complication of advanced obstructive eni- 
physema The group of abnormal subjects is 
therefore a picked group, chosen not as average 
cases but as extreme and advanced cases 

Table I shows the results on the entire senes 
by Methods la and lib In addition, calculated 
figures for the la experiments are listed, using 

TABLE I 

Functiojial rtstdual determtnaitotts by closed system 

NORMAL SIIBJECTS 


Subject 

teat 

Dccreaalng lung Ni 
method — la 

Increasing lung 
N* method — lib 

Num 

her 

of 

deter 

mina 

tions 

ChriaUt 

calcu- 

lated 

aver- 

age 

, Laasen 
’ €l al 
calcu 
lated 
aver- 
age 

Num 

her 

of 

deter 

mina 

lions 

Aver 

age 


mmuics 






J D 


3 

1225 

1115 

3 

1065 

J L 

7 

12 

1420 

1320 

12 

1300 


12 




3 

1210 

A C 

7 

2 

1895 

1745 

3 

1770 


10 




1 

1735 

T R 

7 

4 

5500 

4375 

3 

4460 


10 




1 

4300 

D W R 

7 

3 

4040 

3540 

2 

2930 


10 

1 


3470 1 

1 

3310 

R C D 

7 

5 

3990 

3250 

6 I 

2330 


10 

2 


3810 

2 

2340 

Mean of group 



3010 

2560 ‘ 


2310 

SD 1 



1740 

1480 1 


1370 

SE« 



710 1 

602 1 


503 




05 

03 


SUBJECTS WITH PULMONARY 

EMPHYSEMA 


M K 

1 

1 

1 4 

4100 

1 

j 3320 

4 

2390 

J 0 


' 5 

5180 

4380 

4 

2530 

iM H 


! 15 

1 6060 

5360 

4 

3845 

J F 

7 

5 

i 4760 

4240 

4 

2280 


12 

1 


5040 

2 

2085 

M A 


7 

7490 

5465 

9 

3320 

Ant C 


2 

3490 

3240 

2 

2850 

J C 

7 

4 

7210 

6570 

4 

5430 


12 

2 


6285 

2 

5470 

D H 


2 

3365 

3140 

2 

2530 

H K 

7 

3 

3790 

3835 

3 

2250 


12 

2 


3765 

2 

1940 

F H 


1 

3160 

3020 

1 

1945 

Mean of group 



4860 

4260 


2960 

SD 



1680 

1270 


1120 

SEp, 



531 

401 


354 

/♦ 



09 

24 



A* 


S E Difference of Means 
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the onginal Christie calculation and neglecting 
the alveolar measureinents The average value 
of a senes of determinations is given for each of 
the three calculations Results of Methods Ib 
and Ila are omitted from this table but will be 
presented m a later detailed hsting of results on 
four subjects, together with an analysis of the 
vanations by each smgle method 

A comparison of columns 1 and 2 gives con 
firmation to the findmgs of Lassen, Coumand 
and Richards (6) on the influence of alveolar 
measurements m the calculation Of the six nor 
mal subjects the Christie calculation gave larger 
results m every mstance the difference varymg 
from 100 to 1125 ca Of the ten emphysematous 
subjects, nine showed higher results by the 
Qmsbe calculation the difference varying from 
140 ecu to almost 2000 cc In one (H K ) the 
Chnstie calculation gave practically identical 
results 

A comparison of columns 2 and 3 gives the evi 
dence by which the factor of unequal distnbubon 
m the lungs may be discovered and roughly 
quantitated 

Nonnal subjects 

Of the SIX normal subjects the two methods 
give practically identical results in four Of 
these four, three were subjects with functional 
residual air of less than 2000 cc. In the case of 
the other two normal subjects both with rather 
large functional residual air there was a differ 
ence of 600 cc, and 900 cc respectively m the 
average values by the two methods It should 
be mentioned that no abnormalities could be 
found clmically or by x ray of the chest m these 
two subjects. Thus it would seem that in these 
two normal subjects there was indirect evidence 
that the alveolar air as measured does not mdi 
cate the gas concentration throughout the lungs 
under the conditions of the experiment 
Theoretically this situation might be corrected 
by mcrcasmg the rebreathing time beyond the 
usual seven mmutes Such an experiment was 
earned out on these two subjects. In a smgle 
of ten minute tests on one of them there 
appeared to be better agreement than m the 
seven minute tests In the case of the other sub- 
ject, however no closer agreement could be 
reached 


Subjects vnih emphysma 

In the experiments on the emphysematous sub- 
jects it vail be seen from Table I that there was 
m every instance a significant difference between 
average results by Methods la and Ilb This 
difference ranged from 400 ca in the case of Ant, 
C to 2000 cc- m the case of J F In seven out of 
ten cases, the difference was greater than 1000 cc. 
It would seem that these findmgs have sirailar 
fligmficance to those m the case of the last two 
normals, except that the degree of change is more 
marked m the pathological cases Evidently the 
alveolar air samples as obtained were m all cases 
a poor measurement of the average lung gases 
even though the alveolar carbon dioxide level in 
the gases analyzed was regularly above 5 per cent 
The comparable findings m some normal subjects 
and all emphysematous subjects would seem to 
follow closely Sonne’s findings of vanations m 
different parts of the measurable alveolar air in 
the same groups of subjects. 

As m the case of the normal subjects, an at- 
tempt was made to repeat the experiments, using 
longer breathmg penods. Such experiments are 
techmcally somewhat more difficult. In three 
cases results of a twelve-mmute breathing penod 
are presented m the same table (Table I) It 
will be seen that m no case was agreement ob- 
tained between the two values Furthermore 
there is no definite trend toward decreasmg the 
difference between them In two there is actu 
ally an increase m the difference, m the third a 
slight decrease probably not significant 

Table I silso shows a statistical analysis of the 
seven nunute figures by the various methods. 
Such an analysis of small groups of subjects, 
however introduces a large vanable m the size 
of the chest within the group so that the tests of 
significance between the different methods are no 
measure of significant differences due to the 
method alone. In spite of this unfavorable type 
of comparison it will be seen that m the group of 
abnormal subjects there is a statistically sigmfl 
cant difference between the means of results by 
Methods la and Ilb 

To obtain a comparison of the groups m which 
only the factor of difference of method is m 
volved a second table is presented (Table II), 
expressmg only the relative values by each 
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TVBLE II 

RelattVo mean values of Junctional residual air by closed 
circuit methods 


hORilAL SUDJECTS 


Subject 

j DccrcaJog luofi 

i 

' Cbnjtic 

calculation 

J Xxracthod — la 

Lassen el at 
calculation 

Increasing 
lung N* 
mclhod^ — lib 

J D 

1 10 

1 00 

0 96 

J L 

1 07 

1 00 

0 98 

A C 

1 09 

1 00 

102 

T R 

1 26 

1 00 

102 

D W R 

1 14 

1 00 

083 

R C D 

1 23 

1 

1 00 

1 

0 72 

Mean 

1 15 

1 00 

0 92 

S D 

0 087 


0 133 

SE« 

0 034 


0 054 

^ 1 

' 44 

1 5 


SUBJECTS WITH PULMONARY EMPHYSEMA 


M K 1 

1 24 

1 00 1 

0 72 

J O 

1 18 

1 00 

0 59 

M H 

1 13 

100 ' 

0 72 

J F 

1 12 

1 00 1 

0 54 

M A 

1 37 

1 00 

064 

Ant C 

1 08 

1 00 

0 88 

D H 

1 21 

1 00 

0 81 

J c 

1 10 

1 00 

0 82 

H K 

0 99 

1 00 

0 59 

F H 

1 05 

1 00 

064 

Mean 

1 15 

1 00 

0 70 

SD 

0 115 


0 121 

SE « 

0 036 


0 038 

/ 

42 

79 


method, arbitrarily setting the value by Method 
la as unity in each subject In this comparison 
it will be seen that the Christie calculation gives 
significantly higher values in both groups Con- 
sidered as a group, Methods la and lib are not 
significantly different among the normals In 
the abnormal group, the striking difference of the 
t^vo methods is clearly shown 

Table III presents the more complete data on 
four subjects studied thoroughly one normal 
subject with small residual air, one normal sub 
ject with large chest who showed discrepancies 
between results by the contrasting methods, and 
two subjects with pulmonary emphysema Such 
a comparison is more valuable than analysis of 
groups since the subjects were picked as strik- 
ingly abnormal cases and, also, the evaluation of 
any method may depend on its applicability to 
the extreme and unusual case 

In the case of J L , a small normal subject, 
it is evident that the results by all the methods 
using alveolar measurements are not significantly 
different Even here, however, the Christie cal- 
culation IS significantly higher than that using 
alveolar measurements It should also be noted, 
in this small subject, that there is much less vari- 
ability of results by the same method than in the 
other three subjects 

The tabulation on R C D merely repeats 
m statistical form the results on this subject 


TABLE m 


Functional residual air values by closed circuit methods, statistiail analyses on individual subjects 



J L (Normal) 

R,C D 

[Normal) 

M 

H (Emphysema) 

M 

A (Emphysema) 

Num 
ber of 
deter 
mlna 
tions 

Mean 

S D 

H 

Num 
ber of 
deter 
mlna 
tions 

Mean 

SD 

1 

Num 
ber of 
deter 
mlna 
tions 

Mean 

S D 

1 

Num 
ber of 
deter 
mina 
tiona 

Mean 

SD 

1 

Method la 

















Chn:jtie Calculation 

12 

1420 

105 

30 

5 

3990 

442 

198 

15 


821 

212 

7 



660 

Lassen Calculation 

12 

1320 

108 

31 

5 

3250 

359 

160 

15 


748 

193 

7 

5465 

553 


Method Ib 

6 

1290 

48 

35 





5 

4630 


47 

5 

4560 

373 


Method Ila 

8 

1230 

82 

29 





8 

3865 

368 

130 

10 

3475 



Method Ilb 

15 

1270 

79 

20 

6 

2330 

221 

90 

4 

1 

3845 

316 

158 

9 


196 

65 

\ aluci compared 

t 

t 

i 

i 

Christie Calculation \s 

















Lassen (T/c/ Calculation 


2,3 



29 



24 



29 


Ia\:, lb 


06 







37 



3 4 


11a NS, lib 


1 1 







0 1 



1 8 


la NS lib 


1,3 



50 



61 



10 2 


lb NS lib 


0 

5 







49 



6,3 
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m Table I It will be seen that the comparison 
to show the effect of ‘ovygen storage’’ and also the 
comparison to show the possible effect of poormtx 
mg both give staUatically sigmffcant differences 

The figures on M A and M H are not only 
an analysis of those m Table I, but also mclude 
figures by Method Ib (which is essentially the 
modification of McMichael) and by Method Ila, 
The results by Methods la and lib are widely 
divergent, as is evident from mspection A com 
panson of the values by la against lb and by Ila 
against Ilb will show how far the maintenance of 
constant volume corrects the error due to imper- 
fect intrapulmonary gas mixture. In these two 
subjects the values by Ib were significantly lower 
than by la, yet there is even more difference be- 
tween either of these and Method 11 Further 
more, m the case of a * and "b modifications of 
Method II, there is no significant difference 

The findings m these two subjects are char 
actenatic of several others so studied In no case 
did the maintenance of constant volume remove 
the evidence for error due to malnuxture withm 
the lungs. 

DISCUSSION 

These data not only give us some information 
on the limitations of the rebreathmg methods for 
measuring residual mr, especially in severe cases 
of emphysema but they also furnish an mdirect 
measure of imperfect gas mixture in the lungs. 
The reversed Christie procedure Method II was 
devised in such a way that, if uniform raLvture 
withm the lungs occurred, the two methods 
should give identical results. Furthermore the 
probable direction of the error m case of imper- 
fect mixture was predicted m each method as- 
summg that there was gas trapped m the lungs 
from previous breathing which did not contribute 
to the alveolar air measured 

The uniform evidence of unequal distnbution 
m the emphysematous subjects is not surprising 
It has long been evident that such might be the 
case from the anatomical changes m the lungs of 
such subjects Analysis of gas ob tamed by di 
rect puncture from large emphysematous bullae 
has shown very high mtrogen values (17) 
Sonne's fractional analyses of an alveolar sample 
showed directly a marked variability Roelsen 
repeated the fractional alveolar analyses follow 
mg a single breath of hydrogen and deduced from 


the results that the mixture was even more im 
perfect than was evident from the carbon diavide 
and oxygen analyses alone This latter finding 
with the use of hydrogen would seem to give the 
due to the reason why the factor of maldistnbu 
tion has been so rarely appreciated The frac 
tional analyses of alveolar air for carbon dioxide 
and oxygen give evidence of unequal distribution 
only if the poorly aerated lung regions are rela 
tively well perfused with blood If m the course 
of disease the blood circulation m those areas di 
mmishes parallel to the drop m aeration then the 
alveolar samples may be uniform and the alveolar 
carbon dioxide tension may correspond well to 
that m the artenal blood This correspondence 
betiveen alveolar and artenal blood carbon di 
oxide tensions has been an important piece of 
evidence and has been mterpreted to signify uni 
formity of gas mcxture within the lungs 

In spite of the previous evidence that gas mix- 
ture IS slow m emphysematous lungs, it has been 
assumed that the seven mmute penod was ade- 
quate to overcome difficulties ansmg from this 
slow mixture It seems likely from our data that 
the factor of poor mixture m the lungs is an ira 
portant source of error not only after seven min 
utes breathmg but also after ten to twelve mm 
utes It seems doubtful whether mcreasmg the 
time further would remove the difficulty Fur 
thermore, the magnitude of the discrepancies due 
to poor mixture m our data seems to mdicate that 
this factor is a major one not only for the meas- 
urement of residual air, but probably also for the 
general problem of the pulmonary disturbance. 

The findmg of a factor of imperfect distnbu 
tion m certain normal subjects was somewhat 
more surprising Sonne’s work showed that it 
existed but not that it was as large as the data 
here mdicate Possibly our method is sensitive 
to detect small degrees of maldistribution 
It is evident that our data give no conclusive 
evidence as to the true residual air value m the 
cases showmg different results by the various 
methods. The residual air volume has been con- 
sidered an impiortant mdex in emphysema of the 
degree of disability usually expressed in relation 
ship to the vital capaaty or the total capacity 
It 13 possible m these cases that the residual air 
value, as measured by the Christie method is 
not a true volume measurement, but represents 
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the true volume plus an added value due to the 
factor of poor gas mtxture In order to prove 
this, it would be necessary to have another 
method for comparison which minimizes or elimi- 
nates the effects of mixing 

A detailed consideration of the rebreathmg 
method has shown why, in cases of poor muxing, 
the chances of true equilibrium between lungs 
and spirometer are not good Even keeping the 
volume constant cls m McMichael's work or our 
Method Ib, there is a constantly changmg breath- 
ing mLxture for the first few minutes of the re- 
breathing If the volume is duninishing, the 
changes are more complicated and the inspiratory 
gas mixture is always changing Furthermore, 
the size of the usual spirometer is such that the 
change in alveolar nitrogen is usually 0 2 to 0 3 
atmosphere In the course of calculation, such 
a small change leads to a three- to five-fold mag- 
nification of error m the residual air value 

Thus, a method which would allow a uniform 
inspiratory gas mixture and would utilize a maxi- 
mum alveolar change should offer greater likeli- 
hood of reaching a true measure of residual air 
Such a method will be presented in Paper III of 
this senes (18) 

SUMMARY AND CONCLUSIONS 

1 ^lodifications of the Chnstie method of re- 
sidual air measurement are presented which (i) 
keep the spirometer volume constant, (2) reverse 
the shift in nitrogen and therefore reverse the 
direction of error due to unequal distribution 
within the lungs 

2 Resultsarepresentedusingthedifferentmod- 
ifications and the onginal method on slx normal 
and ten subjects with pulmonary emphysema 

3 These results give agreement by all methods 
in four normal subjects only, three of whom had 
small residual air volume 

4 In the remainder of the normal subjects and 
all the subjects w ith emphysema, there are wide 
discrepanaes between the results by the different 
methods* Keeping the spirometer volume con- 
stant does not correct the discrepancies These 
data give positive evidence of unequal gas dis- 
tribution w ithm the lungs 
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In the preceding paper, the use of the closed 
rebreathing circuit for measuring residual air was 
discussed and tested to determine the possible 
error due to imperfect gas mixture within the 
lungs It was found that such an error was 
probably present not only m all cases of severe 
pulmonary emphysema, but also m some normal 
subjects with large residual air Some of the 
reasons for the inadequacy of the closed arcuit 
measurements are apparent from analysis of the 
essential features of such a aremt. In the first 
place, the inspiratory gas mixture is always 
changing Thus there would appear to be no 
sustamed equilibnum between spirometer and 
lungs. As soon as equihbnum is approached for 
one concentration of the breathing mixture the 
mspiratory gas has already changed This 
change is most marked when the spirometer 
volume 13 allowed to dimmish as oxygen is 
absorbed McMichael's techmque of replacmg 
the oxygen, as tested by us did not remove the 
discrepanaes due to poor mixing wthm the 
lungs Furthermore, such a procedure intro- 
duces further technical difilicuJty and fails to 
change the fact that the mspiratory gas is still 
varymg at the start, until approximate eqm 
hbnum is reached In our expenence, the ad- 
justment of a proper flow of oxygen for replace- 
ment was difficult even m normal subjects. In 
subjects with artenal oxygen unsaturation the 
mamtenance of a constant volume m the closed 
circuit was practically impossible due to the 
oxygen defiat and resultant changing rate of 
oxygen replacement necessary 

The second difficult feature of closed arcuit 
measurements is the exact calculation of the 
oxygen ab sorbed The traemgs m abnormal and 

*Farn«rly R»e»rcii Dlvuion MetropohUn Hospital 
Departmeat of Hoipiub New Vork Qty 


even m some normal subjects are often so irregu 
lar that an exact base hne cannot be drawn, yet 
the calculation demands accuracy m this detail 

Thirdly, with the usual closed arcuit tech 
mque the net change m lung mtrogen concen- 
tration IS rarely more than three-tenths of an 
atmosphere With such a figure, any error m 
alveolar measurement (or m the assumed values) 
13 magnified at least three fold m the final resl 
dual air value 

To avoid these three pomts of difficulty, an 
open circuit method has been devised, with pure 
axygen as the breathmg mature. In such a 
procedure, the subject is allowed to breathe 
oxygen for a penod of time suffioeot to wash 
practically all the mtrogen out of the lunga. For 
this period all the expired gases are collected and 
finally measured and analyzed for mtrogen It 
will be seen that the mspiratory gas is absolutely 
uniform throughout and that there is no need 
to obtam a smooth breathmg curve once the 
axygen breathmg has been started at a definite 
pomt m the breathmg cycle As in the closed 
arcuit, the concentrations of gases in the pul 
monary spaces at start and end are estimated by 
alveolar specimens, yet here the simpler features 
of the procedure raalce these measurements less 
subject to error Furthermore, smee the net 
change m alveolar nitrogen is approximately 
eight tenths of an atmosphere, the effect of errors 
in these measurements will not be greatly mag 
lufied m the course of calculation 

Thus the only errors that are to be antiapated 
m this method are those due to failure of the 
alveolar measurements to represent the mean 
value of residual air mtrogen It is possible to 
predict the probable direction of such error 
Except m unusual arcumstances the al\eoIar 
speomens m cases of poor distribution will 
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to represent the well aerated portions of the 
lungs, and to neglect the relatively poorly aerated 
regions Thus, m estimating the lung nitrogen 
concentration on room air breathing at the start, 
the alveolar specimen obtained may be loiver in 
nitrogen them the average in the lung Similarly, 
the alveolar specimen after a period of oxygen 
breathing may fail to tap some nitrogen still 
present m the poorly aerated regions and so be 
somew'hat too low as measured If breathing is 
continued long enough, the latter error should 
be gradually reduced, since it is obvious that 
eventually all the nitrogen will be washed out 
The expression used in the calculation is the 
difference of the two alveolar values, '*alv d 

— alv p ” The likely error in each is a negative 
one If the errors are equal, they will cancel 
each other However, since that in “alv is 
probably very slight, the expression “alv d 

— alv may be too small Since this expres- 
sion is the denominator of a fraction in the cal- 
culation, the final value for functional residual 
air by this method could be somewhat too large 

To take an example, an alveolar specimen m a 
case of emphysema might give a value of 82 per 
cent of nitrogen, when the average of all residual 
air nitrogen is actually 84 per cent At the end 
of the penod of oxygen breathing, let us say that 
the mean nitrogen of the residual air is 6 per cent 
If the alveolar specimen as measured gives 4 per 
cent of nitrogen, then the alveolar difference 
(0 82 — 0 04) will be the same as the true dif- 
ference of nitrogen concentrations in the residual 
air (0 84 — 0 06), the two errors thus cancelling 
It is difficult to see how an error of method larger 
than 5 per cent would be likely from this source 

An attempt has been made to test for the 
presence of such an error This test, analogous 
to that used for the Chnstie method in a pre- 
vious paper, consists of a similar type of experi- 
ment in which the expired gases are collected 
dunng a penod of breathing room air immedi- 
ately follow mg prolonged oxygen breathmg In 
other words, first all the nitrogen is washed out 
of the lungs, then, dunng a subsequent period of 
room air breathmg, the amount of retained 
nitrogen in the lungs is measured 

Such a procedure is really a reversal of the 
ox>gen breathmg expenmen t, in so far as the 
direction of the nitrogen shift is concerned In 


this case, errors in alveolar measurement w'lll 
cause an effect of opposite sign m the value ob- 
tained, as can be seen from analysis of the factors 
involved Here the expression “alv p — alv 
IS the denominator of a fraction m the calcula- 
tion Alv d, measuring the small nitrogen con- 
centration after oxygen breathing, may possibly 
neglect nitrogen still trapped in the poorly 
aerated regions Thus it is too low, if at all 
wrong Similarly, alv p, taken after a subse- 
quent period of room air breathing, may be too 
high in nitrogen, since there may be some higher 
oxygen mixture still in the poorly aerated lung 
spaces Thus the difference, “alv p — alv d,“ 
may be definitely too high, and from this, the 
residual air value too low In contrast to the 
oxygen breathing experiment, from predictions m 
this case a cancellation of errors m alveolar 
measurements will be unlikely Therefore it 
may be expected that this second open circuit 
method will be more likely to give erroneous 
results than the first method 
The test of the open circuit procedures will be 
a companson of residual air values obtained by 
the two methods If they differ, it will be evi- 
dence that the factor of poor muxing, as it in- 
fluences alveolar samples, is still a possible source 
of error m the measurements If they agree, 
one may consider the value obtained probably 
not significantly affected by erroneous alveolar 
measurements It will be of special interest to 
compare this evidence with that obtained in the 
same subjects by the analogous test procedure 
in the closed circuit, reported in a previous paper 

PROCEDURE ^ 

The apparatus for the open circuit methods was the 
same as that used for nitrogen excretion measurements in 
the first paper of this series The diagram is reproduced 
here The arrangement consists essentially of two open 
breathing circuits fitted with flutter valves (Ei, Fu F», Ft) 
connected adjacent to the mouthpiece (AO the valve 
(Vi), which can be used to shift the breathing from one 
circuit to the other One circuit, the mam circuit, i3 
attached on its inspiratory side to a rubber anesthesia bag 
(Bi), this m turn to an oxygen tank. The expiratory side 

* In collaboration with Dr Eleanor D Baldwin, we have 
recently devised a simplification of this open circuit 
method, based on results m 200 cases studied In the 
new technique, alveolar sampling is eliminated, the only 
gas anal>sis necesaar> being that from the spirometer 
This will be reported in a subsequent paper 
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Fig. 1 Ophm Cntccnr Apparatus for MEAstTRKimNT of Residual Air 
M mouthpiece. Alv, group ol three evacuated gaa earopling tubes. F, Vu Vi F*, three-way 
respiratory valves. Fi Ft F, Fu oae-way rubber flutter valves. Bi Bu small rubber anesthesia bags, 
T one-hundred liter (Tiisot) gasometer S valve and attachment for obtaimng gasometer sample*. 
For further explanation see text 


lead* to a Tissot gasometer of lOO-hter capacity On the 
side circuit there is an additional valve ( Fj) with which the 
inspmatory gas flow can be cut off during alveolar sampling 
The Inspiratory arm of this aremt lead* to on onestheala 
bag (Bi) and oxygen tank, which were replaced by a tube 
leading from outside air when atmospheric air wa* the 
desuT^d breathing mixture. On the expuutory arm evacu 
ated sampling tubes labelled alv are inserted close to 
the valve (Fi) The dead space from mouthpiece to these 
tube* 1 * about 100 cc. 

The procedure for a determination of functional ratdoal 
air by the open arcuit method was started with Fi turned 
to the tide drciut The main circuit and gasometer were 
thoroughly washed out with oxygen. Six guccessive wash 
ing* of 10 to 20 liter* each were found adequate. After 
the washmg F* was opened to connect the main circuit 
to the open room and a flow of 4 to 5 liters per minute of 
oxygen maintained m thl* circuit The bag (Bt) In the 
«Wc drenit wa» replaced by a room inlet tube. Then with 
Fi unchanged the subject under basal conditions, wa* 
attached to the mouthpiece When breathing quietly he 
wa* instructed to exhale maximally for an alveolar sample- 
At the tame Umc the valve (F») was turned to close the 


inspiratory tide of the circuit. The alteolar sample was 
taken at the end of approximately flve seconds of expire 
tion and Fi then reopened. This sample, designated 
alv (J WB8 thus a Haldone-PnestJ^ ahvecitlar sample 
and represented an attempted measure of average lung 
ga» conceatretloa on room air breathmg. 

Following this samplmg at least two mmute* of room 
air breathing w-ere allowed in order to rccore quiet breath- 
ing Then F| was turned to direct tie oxj^gea flow of the 
main cutnut into the gasomctcrand Yj ns turned to the 
mam circuit at exactly the end of a rrtrm^l eipiretjcc. 
By watchmg carefully tic respuxxo rij-thm /or tie 
few previoa* breaths, this latter 'iihe tcni could be 
accurately at the desired mr-rry^-f 
For the next sc^en mrrr . n <S cuygejj Lrcalh.z:i ^ 
expued gase* were coCecled m ^ gasometer r>~-- 
thi* tame, the oxj-gen flow xaj to =r 

bag (Bi) about one haHf::!. TLe perxd of se- tzj mcinrfr 
wo* the standard one -cksI of inal* 

periods wdl be preserntd js ibrrx that se-cc 
probably adequate^ 

At the rnnrifffxa c£ tr.* ir'tzi rn 
wa* agam tore^ lie a.- 
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dunng expiration, preferabl> near the beginning At the 
same time, the subject was instructed to expire fully for 
an al\ eolar sample For this, as for all alveolar sampimg, 
the valve (Fj) had been turned to close the inspiratory 
arm of the side circuit This alveolar sample, designated 
*'aU p** was taLen at approximately five seconds of 
expiration as before. 

Following this, the patient w’as disconnected and the 
main circuit flushed out with 5 to 10 liters of oxygen, the 
wash gas being allowed to mix in the gasometer with the 
collected expired gases The valve (Fj) was next turned 
to dose the entire gasometer contents, whose volume and 
the temperature were then recorded A sample was taken 
from the gasometer for analysis within one to two minutes, 
after first flushmg out the inlet and outlet pipes of the 
gasometer proper with the collected gases This sample 
will be designated as “Tissot” sample in future references 

An approximation of the dead space of the gasometer 
was necessary for the final calculation It will become 
apparent from the calculation to be discussed that this 
need only be an approximation With the procedure as 
outlined, the effective dead space consisted only of the 
gas space under the bell when fully lowered The dimen- 
sions of this space w ere measured and its volume calculated 
geometncaU> The volume of the tubing did not need to 
be considered, since it was filled with oxygen at both the 
start and the end of the experiment 

Each experiment required the analysis of three gas 
samples, twx) “alveolar** and one “Tissot,** In addition, 
the contents of each new ox>gen tank required analysis 
for the small amount of inert gases All gases were 
analyzed with a Haldane gas analysis apparatus In the 
case of the samples of very high oxygen content, the dilu- 
tion method was employed, as described in the first paper 
of this senes (The Van Slyke-Neill manometnc appa- 
ratus can also be used for gas analysis ) Analysis of the 
alveolar specimens required an accuracy of only 0 1 to 
0 2 per cent, so that possibly a simpler method might be 
empIo> ed How ever, a high degree of accuracy was neces- 
sar> in the analysis of the Tissot sample In all cases the 
analyses were done m duplicate to check within 0 05 per 
cent All analyses were reported as decimal fractions of 
an atmosphere of nitrogen, as dry gas 

CALCULATION 

The first step m the calculation requires an expression 
for the total nitrogen in the expired gas in excess over that 
inspired The volume of expired gas is knowm, but that 
inspired unknoivn However, themtrogen content of the 
inspired gas is so low that no significant error is involved 
bv assuming that the inspired volume equals the expired 
volume. The gasometer volume obtained and corrected 
to dr> gas at standard temperature and barometric pres- 
sure will be designated as Fc, To this the measured dead 
space vx>lume {D S) has been added for the calculation 
Then (I) Total excess Nj m gasometer 

= (Fo+P5)(“Tis^t’’ X 3 -“Oj tank** Ni) 
Of this, a part has come from nitrogen onginaU> in the 
lung spaces, a further part from excreted nitrogen from 


the blood 

(2) Nj from functional residual air (FRA) 

= ( Fo-f Z? 5 )(“ Tissot ’’ N,- “ Oj tank ** Nj) - Nj excreted 
Also (3) Ni from functional residual air 

=F R,A, Vol (alv d— alv p) 

(4) FRA, Vol 

(Fo+l> 5)(“Tissot“ tank*’ Ns) 

excreted 

S=- — - — -■ ■■ 

alv d— alv p 

From the first paper of this senes 

(5) Na excreted = 220X ^^^ - - 

(For seven minutes, 10 cc added to 220 cc for each 

mmute after seven, if longer period ) 

Substituting 

(6) F R A 

_ (Fo+J>5)(“Tissot**N3~“03tank**Ni) 
alv d— alv p 

The F R,A value here obtained was then corrected to 
temperature 37° C and saturation with water vapor to 
obtain the values reported m our results 
The reversed procedure used to test these results was 
somewhat more complicated m practice but similar in 
prmaple In this case the bag (5i) was replaced with an 
mlet tube from outside air The bag (Bj) was m place 
and connected with an oxygen tank. In preparation the 
main arcuit and gasometer were thoroughly washed with 
room air The subject was attached to the mouthpiece 
wnth valve Fi open to the side circuit and an oxygen 
flow of 4 to 5 liters per minute in that arcuit Quiet 
breathing of oxygen was maintained for ten minutes At 
the end of that time, an alveolar specimen was taken m 
the usual manner and quiet oxygen breathing was resumed 
m the same circuit for two further minutes This alveolar 
specimen was designated as “alv d” and considered as a 
measure of lung gaa concentrations two minutes later, since 
It had been found by a senes of tests that the alveolar 
nitrogen value dunng oxygen breathing reached a plateau 
value after ten minutes or leas m both normal subjects 
and patients with emphysema, the maximum change m 
alveolar nitrogen from tenth to twelfth minute being less 
than 1 per cent 

At the end of the complete twelve minutes of oxygen 
breathing, the valve (Fj) was turned to the mam circuit 
exactly at the end of a normal expiration The expired 
gases were then collected for a seven-minute period (or 
longer) of room air breathing, after which an alveolar 
speamen was taken in the side circuit as before The 
tubmg of the mam circuit was then flushed into the gasom 
eter with 5 to 10 liters of room air, the valve (Fi) closed, 
and the gasometer volume and temperature read A 
gasometer sample was taken promptly as before, after 
first flushing out the tubing of the gasometer itself with 
the first part of the collected gas 
As in the previous procedure, there were three gas 
samples and one volume measurement In this case, hoW' 
ever, the inspiratory volume, as well as the expiratory 
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voltune, needed to be known for the calculation. Since 
the re»puutory quotient was nonttally le*» than unity 
under bkial conditiona, the intpiratory volume wa# greater 
than the expiratory volume by an amount of some 200 to 
400 cc. for the seven minutes. Direct measurement of 
the mspiratory volume with sufficient accuracy was found 
to be technically cumbersome. In our experience it was 
simplef to decide upon a correctioa factor (aV) to be 
added to the expiratory volume m order to determine the 
mspiratory volume. To do this the carbon dioxide excre 
tjon and the oxygen consumption per minute were deter 
mined from a six minute collection of expired air on nxim 
air breathing usually done just before the other tests on 
the sAmr day From thui, (Oi absorbed per ramute— COj 
excreted per mmute)X7“AF for seven minutes of room 
air taeatiimg This would seem to be an accurate correc 
tion m subjects with normal arterial oxygen saturation. 

In with arterial oxygen unsaturation however 

there is an excess oxygen absorption during the first few 
minutes of axygen breathing Following resumption of 
Toom air breathing after oxygen there is a diminished 
oxygen Intake until the arterial unsaturation is reestab- 
lished. It may be assumed with sufficient accuracy for 
the present purpose that the excess oxygen mtake in one 
instance equals the diminution In the other Accordingly 
in such cases the oxygen deficit of the subject was esti 
mated from respiratory tracings taken with a recording 
spirometer This oxygen deficit was subtracted from the 
A F value obtained above giving a corrected A F 

The calculation proceeded m an analogous manner to 
that m the first method In this Instance there was 
nitrogen retained m the lungs Instead of washed out. 

U) Nt retained m lung 

-(F,+D»S: +AF)0 791-(F,+D.i:) Tlssot Ni 
—Ni absorbed into blood 

Also (2) N| rctamed in lung—F R.A.faIv p— alv A) and 

(3) N» absorbed Into blood <- 220 
(4) FRJi, 

_^ (Ft+D.^) (0.791- Tissot NQ+Q 79lXAF _^yj 
olv p— alv A 

RESULTS 

The subjectB for this study were selected by 
the same entena as those m the preceding paper 
There were four normal subjects, mcludmg the 
two m whom the closed circuit method gave 
doubtful results In all there were ten patients 
with severe pulmonary emphysema of whom sex 
were mcludcd m the senes of the previous paper 
These six were studied by both of the new 
methods desenbed The remaining four were 
tested only by the first of the bvo new methods, 
which is the one proposed as a practical test. 

It will be apparent, from the two preceding 
papers of this senes as well as this present one 


that this new method for residual air has been 
devised primarily for the study of cases of ab 
normal, unequal or ineffective pulmonary ven 
tilation m which previous methods, such as that 
of Chnatie, have been found inaccurate It is 
on the basis of such unusual or extreme cases 
that any new method must be judged If in 
these cases or at least m a fair proportion of 
them, the method can provide a reasonably 
accurate and consistent measure of residual air, 
then the method can perhaps be considered 
worthy of further tnal 

The results should be examined, therefore case 
by case, rather than by any attempt at statistical 
analysis 

The results of tests on these subjects may be 
compared m several ways 

(1) Comparison of results by each of the two 
open arcuit techniques (Table I) This will 
demonstrate whether the slowness or poorness 
of distnbution of respiratory gases, m any given 
case IS sufficient to invalidate the technique 
used 

table I 

FunritoTuii rsstdual air deUrminaiwns by open araitt methods 


NORMAL SUBJECTS 
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(2) Comparison of the relative agreement be- 
tween the two open circuit techniques, with the 
relative agreement between the two closed circuit 
techniques This is given by the two ratios, in 
the last two columns of Table I 

(3) Average values by the open circuit method 
can be compared with average values m the same 
subject by the closed circuit method of Christie 
(Table III) This will provide, for any given 
case, a criterion as to w hether the vanous sources 
of error in the Christie method do actually cancel 
out, leaving a residual air value comparable with 
that of the open circuit method In this com- 
parison it will be important to note not only the 
difference of average results, but also to compare 
the range or reproduabihty of results by the two 
methods 

Table I presents the first type of comparison, 
listing the average open circuit results, the range, 
and number of determinations In the two 
columns on the nght are listed also the ratio of 
the two values by the open arcuit methods 
parallel wnth the ratio of the two closed circuit 
results in the same subjects 

Among the four normal subjects, it will be seen 
that all agree within 200 cc These mclude the 
two subjects, D W R and R C D , who 
showed 500 and 900 cc difference, respectively, 
with the t\vo closed circuit methods Thus it 
may be seen that in this group of normal subjects 
there is no evidence of serious error due to maldis- 
tribution in the open arcuit methods 

It ma> be noted that the open circuit methods 
m the case of J L give somewhat poorer agree- 
ment than the closed circuit The reason for 
this is not entirely clear It seems probable, 
however, that the error lies in the increasing 
lung nitrogen method In the case of small sub- 
jects, the assumed AV factor in this method has 
a much larger relative influence on the result 
than in larger subjects 

Considenng now the slv abnormal subjects, it 
w ill be seen that the first four show satisfactory 
agreement between the two methods Agree- 
ment within 10 per cent may be considered satis- 
factory The fifth subject, D H , showed a 13 
per cent difference by the standard se\en-minute 
test Using a tweUe-mmute penod, however, 
there was good agreement It should be noted 


that the only significant change by the twelve- 
minute test w^as an increase in the result by the 
second method This is a part of the evidence 
w^hich leads to the tentative conclusion that a 
seven-minute period is adequate for the decreas- 
ing lung nitrogen method 

The sixth subject is the only one in whom 
agreement could not be reached This case will 
be discussed in detail later 
The stnking difference between the open and 
closed circuit methods, tested by analogous pro- 
cedures, is shown in the last two columns, which 
may be considered as comparative indices of the 
influence of poor mixing on the results It will 
be seen that, in every instance among the abnor- 
mal subjects, the index shows much better agree- 
ment by the two open circuit techniques 
Table II presents in detail the results on the 
subject H K , the sixth one in Table I, in whom 


TABLE II 

Functional residual atr by open cncutt methods 
Subject — H K 


Date 


Decreaslni lunc 
Nj method 


IncrcaslnE lunj 
Ni method 


December 15 1938 
December 16 1938 
December 20 1938 
December 24 1938 
December 27 1938 
January 17 1939 


2895 

3095 

3140 

3110* 

3285t 

2700 

285St 


2385 

1700 

2560 

2S10* 

2520t 

1735 

2445t 




sdI 

SE« 


SD 

S E » 

Mean 7 minute value 

Mean 11 minute-12 minute 

2960 

130 

65 

2095 

510 

255 

value 

3080 

275 

160 

2490 

50 

29 


•11 mmutea 


1 12 minutes 


agreement could not be reached This subject 
was a man of sixty-five with a history of increas- 
ing cough and dyspnea for twelve years The 
etiology of his condition was unknown There 
was no evidence of tuberculosis There were dif- 
fuse asthmatic rales, but no improvement with 
the use of adrenalin Roentgenogram of the 
chest showed increased hilar markings and dark 
areas at the penphery suggestmg emphysematous 
bullae His arterial oxygen saturation was 85 
per cent At the time of testing, he was practi- 
cally bedridden because of dyspnea, though this 
symptom vaned considerably from day to day 
As shown in Table II, there was a considerable 
vanation in values obtained for functional re- 
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siduaiairm this subject sa eixpenments continued 
o\er a month t tune* It will be noted, however, 
that the figures by the decreasing lung nitrogen 
technique are rather consistent considenng that 
the subject’s dinical state vaned considerably 
from one day to the next* It was the increasmg 
lung nitrogen technique which gave the wider 
variations, a*id these figures generally are lower 
than the other group This is the type of error 
which IS to be expected (see above) with the in 
creasmg nitrogen technique when mtrapulmon 
ary mixture is extremely poor Furthermore by 
prolonging the penod of breathing such an error 
should become less, and Table II m the second 
column, shows a clear tendency for the hgures m 
the eleven- and tivelve mmute penod to be higher 
than the seven mmute penod In the first col 
uran, little difference is noted with prolongation 
of the breathing penod 

Table HI presents the data for comparison of 
open and closed arcuit techniques in the same 

TAULB ni 

Ccruparts^ aJ fundtonaJ widuaX atr vaJuss hy CJtriiiu 
mciUJitd Chruiie and new open arcuH methods 


KORUAh SITB/BCTS 
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SUBJECTS with PULMONAXY EUPHYSRUA 
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subjects, hstmg the results by the standard 
Chnstie procedure, calculated with alveolar spec 
unena, and by the open circiut method using the 
decreasing lung nitrogen technique 
Among the normal subjects the first two 
gave results m close agreement by the modified 
Christie and the new methods as expected from 
the fact that previous analysis mdicated both 


methfxis were reliable In*the case of the third 
subject, D W R*, with whom the closed arcuit 
could not be proved reliable still the two circuits 
gave practically the same results It is apparent 
here that m the standard closed arcuit method 
there must have been a fair balance of the vanoua 
errors which were mentioned 

In the case of the fourth subject, R C D m 
whom also the closed arcuit gave doubtful re- 
sults, the open circuit gave significantly lower re- 
sults wth less variability on successive tests and 
with a good agreement with both open arcuit 
techmques* Thus it would seem here that the 
standard closed arcuit method gave an errone 
ously high value. 

The group of ahncrmal subjects mcludes ten 
patients The last t^vo of these were unusual 
cases however, and will be presented m detail 
in a later tabulation 

Considenng for the moment the first eight sub- 
jects only as far as a companson of the average 
results, It will be seen that the first six show m 
agmficant differences between average open and 
closed arcuit results As before a difference of 
less than 10 per cent is considered insignificant 
In the seventh case F H and more markedly 
in the eighth case H K the closed aremt values 
are significantly higher 

It IS probably important that these two sub- 
jects had the greatest pulmonary disability of the 
group 

Let us next note the reprodu ability of results 
by the two methods m these same aght patients 
In tivo of them A M and J C , the open ar- 
emt shows much less difference m successive tests. 
The other subjects either showed a similar range 
or else the data are insufliaent to determine the 
range. It should be mentioned that the range 
of values m many of the subjects probably re 
fleets not only the accuracy of the method, but 
also the actual volume variation from day to day 

Table IV presents the detailed results on the 
two remainmg subjects M S andM K They 
are considered together because of their similar 
clinical pictures and comparable results on re- 
sidual air determinations They were both men 
of shghtly under forty years of age, with pro- 
longed histones of nearly constant asthma and 
bronchitis Each had marked artenal anoxemia 
and secondary polycythemia M K had had 
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TVBLE I\ 

Furcltoital residual air 



Closed arcuit 

Open dreuit 


Modiacd Christie 

Decreasing 

Date 

method 

lung N] 

Subject — M S 



October 19 

2285 



3295 


October 24 


2420 



3110 

October 30 


3570 



3220 



2815 



3070 

November 8 

2590 



2230 


November 18* 

3750 

3140 


3310 

3210 

December 26* 

2450 

2850 


2805 

2410 

Subject — M K 



May 7 1938 

3890 


May 13, 1938 

3550 


May 17. 1938 

2710 


3125 


September 21, 1933 


4030 

September 22, 1938 


4100 

October 19, 1939 

4250 


5260 

3230 

October 21, 1939 


2780 

October 26, 1939 


2240 



2130 



3050 

October 28, 1939 


3605 



4050 



3450 

November 15 1939* 

2530 

2920 


2245 

2760 

December 28, 1939* 

3220 

2975 


2955 

2660 


• Tests on these dates performed after the use of “Vapo- 
nefnn” bronchodilator spray 


several bouts of nght-sided cardiac decompensa- 
tion with massive edema, but was compensated 
at the time of these measurements M S had 
slight cardiac weakness only, and had had one 
episode of mild edema Each of these patients 
had a large element of bronchial spasm in his 
disability, as shown by partial relief with adren- 
alin However, free of asthma with adrenalin, 
they still had artenal anoxemia 

A sinking feature m both these subjects was 
the extreme vanability of their respiratory dis- 
ability, and likew ise their extremely irregular re- 
spiratory curves In the case of iM K , on one 
occasion follow mg a cough, a sudden shift of 1000 
cc was noted in the base line of a respiratory 
tracing This vanabiht> of actual residual air 
xolume would seem to be indicated in the meas- 
urements taken up to the last two da>s of tests 


m each case Whether either method is also 
in error cannot be deduced from such variable 
data 

In order to obtain a more stable condition, each 
of these subjects was tested m duplicate by both 
methods, following the use of ‘‘Vaponefnn** 
spray inhalation, or adrenalin by hypodermic in- 
jection The results of these tests' are listed on 
the last t\vo days in each subject Very little 
more can be said from these results except that 
the variability from test to test on the same day 
seems to be reduced It is obvious that average 
values m these two subjects have no meaning 
One can only conclude that these subjects are un- 
suitable for residual air measurements by either 
the closed or open circuits Certainly a part of 
this difficulty IS due to actual change in the func- 
tional residual air volume itself It may be that 
poor intrapulmonary gas muxture is a factor, pro 
ducing significant errors of measurement Their 
extremely slow mixture is shown by their values 
for alv p nitrogen, which were frequently as high 
as 10 per cent after seven minutes of oxygen 
breathmg 

DISCUSSION 

It is apparent from the results that the new 
method does not entirely solve the problem of 
accurate residual air measurement It has been 
shown and should be again emphasized that, m 
severely diseased lungs and probably also in some 
normal individuals, there is an imperfect mixture 
of gases within the lungs during breathing This 
factor may be an important one in any method 
involving the estimation of average gas con- 
centrations within the lungs Since no method 
without such estimations was found, the aim of 
the new method was to mmimize the effect of 
these potentially erroneous measurements 

The theoretical advantages of the new method 
were clear cut By keeping the inspiratory gas 
mixture of constant composition, it offered a bet- 
ter chance of adequate intrapulmonary mixing 
The “mLxing” approached by the procedure is 
actually a simple process of emptying the lung of 
all, or nearly all, its contained nitrogen By m- 
creasing the net alveolar nitrogen change, the 
new method reduced the relative error due to 
erroneous “alveolar** samples Furthermore, it 
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avoided the necessity of measuring oxygen con 
sumption from a respiratory tracmg Accuracy 
in this la necessary m the Chnatie method, yet 
often difficult m patients with emphysema or 
other pulmonary conditions. 

The new method, tested on a small group of 
picked subjects, has shown definite imprcrvement 
over the closed circuit method, m so far as the 
probable effect of poor mixmg is concerned The 
method of testmg this effect has been the same 
as that used for the closed circuit namely, the 
repetition of the test with a reversal m the direc 
hon of the nitrogen shift by which the probable 
error due to poor mixing was also reversed m di 
rection On the basis of such a test, the new 
method showed no evidence of error m any nor 
mal subjects nor m any but one of the patients 
with pulmonary disease. Even m this one sub 
ject, the trend of repeated tests mcreasmg the 
breathmg time indicated the probable accurate 
figure. This was a contrast to similar evidence 
by the closed arcuit method where two normal 
subjects and all subjects with emphysema showed 
considerable discrepanaes due to poor nuxmg 

With this evidence in its favor, the results by 
the open arciut method have been compared 
with the results obtained m the same subjects by 
the dosed arciut Three normal subjects and 
SIX patients with emphysema gave nearly ideu 
deal values by open and dosed aremt methods 
respectively One normal subject and two pa 
bents with severe emphysema g^ve significantly 
higher results by the dosed arcuit technique. 
This IS m accordance with the prediction offered 
m the analysis of possible errora of method in the 
second paper of this senes. In addition, two 
other patients with emphysema showed a con 
siderably wider range of vanation m residual air 
values on successive tests by the dosed as com 
pared with the open circuit method 

It IS thus apparent that the new method can 
be used with some assurance of rehability m a 
larger group of abnormal subjects m whom such 
measurements are notoriously difficult It would 
seem that this pomt is its chief practical justifica 
bon, m addition to the theoretical advantages 
mentioned 

Even m our small group of subjects however, 
there were two unusual cases m whom both 


methods gave variable results A part of this 
was undoubtedly due to actual change in the vol 
ume, but still it leaves two exceptions m whom 
the reliability of the method could not be proved 
In such cases it would be desirable to have 
a method m which no problem of mixing is 
mvolved 

Our pnmary interest has been the identifica 
tion and quantitation of disturbances m mixing 
Both an increase m the residual air and a dis- 
turbance m mixmg may add to the pulmonary 
disability m cases of emphysema In cases where 
the maldistribution factor is large, the closed ar- 
emt method may give a value which represents 
the true functional residual volume plus an m 
crement that is actually an error of method due 
to poor mixing of mtrapulmonary gases. This 
factor of disturbed distnbution is probably a 
large one m contributing to the pulmonary dis 
abihty m emphysema. Therefore it is impor- 
tant to differentiate it from the effect of a mere 
increase m the residual lung volume. The open 
oremt method should give a better measure of 
the latter without senous error from the former 
With an accurate measure of the volume it 
should be possible to quantitate disturbances m 
distnbution separately 

SUMMARY 

1 A new open arcuit method of measuring 
residual air is desenbed 

2 A test for this method is also desenbed con 
sisting of a reversal of the nitrogen shift m the 
onginal procedure, 

3 Results of the use of these two proce- 
dures are presented on a group of four normal 
subjects and six patients with severe pulmonary 
emphysema, 

4 A com pan son is made betiveen results by 
the new method and by the modified Chnstie 
method on a senes of four normal subjects and 
ten patients with severe pulmonary emphysema, 

5 The probable significance of the results is 
discussed 

CONCLUSIONS 

1 The open arciut method for residual air 
determination offers a better means of avoiding ^ 
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error due to maldistnbution of pulmonary gases 
than the closed circuit method This is shown 
by the test procedure as well as theoretical 
considerations 

2 The modified Christie method gives errone- 
ously high values for residual air m some cases of 
severe pulmonary emphysema 

3 It IS possible with the new method to dis- 
tinguish more surely the factor of imperfect gas 
distribution from that of excessive residual lung 
volume in the evaluation of the disturbances 
associated with pulmonary emphysema 
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Clinicians have customanly usttl the indicator, 
dimetli>l ami no-azobenzol (Toepfers solution) to 
indicate the presence or absence of free hydro 
chbne aad m the gastric juice Bloomfield and 
PoUand (1) have pointed out that in many such 
instances of apparent anaadity with this mdi- 
cator, the stomach is still capable of secreting hy- 
drochloric aad and tliat by determming the hy- 
drogen ion concentration, the pH may be found 
definitely on the aad side of neutrahty Further 
more in these cases there is no regular response 
to histamine and sucli secretions as one obtains do 
not conform to the normal curves but seem to rep- 
resent a minimal contmuous secretion largely or 
completely independent of the sbmuh which nor 
maily cause a flow of jmee,” In this r^ard 
Marbn (2) found a wide variation in the chloride 
content of the gastne secretion from patients witli 
so-called * benign achlorhydria The concen 
trabon of ammoma and non protein mtrogen was 
considerably greater than that found m the aad- 
sccreting patients This mcrease ivas stiU more 
pronounced m pernicious anemia and gastne car- 
emoma tvith achlorhydna« After histamine stim- 
ulation there was usually some change in the 
aad base pattern but not to any significant degree. 
Many people, without apparent disease, may 
have a permanent anaadity Vanzant et al (3) 
noted an madence of 14 5 per cent after the use 
of a modified fractional meaL PoUand (4) re 
ported an madence of 10,8 per cent true anaadity 
m 900 cases (excluding pemiaous anemia and 
caranoma of the stomach) Furthermore an 
aadity inacases m frequency with advanang age 
(3) The relation of gastne anaadity to disease 
has been considered m detail m the excellent 
monograph of Bloomfield and PoUand (1) An 
aadity IS an mvanable accompaniment of per- 
niaous anemia and occurs frequently m caremoma 
of the stomach, Schindler et al (5) in descnbmg 
the anatonuc foundations of anaadity include 6 


cases of hypertrophic gastntis, 12 of superfiaal 
gastntis and 37 of atrophic gastntis m a senes of 
120 cases Brunschwig et al (6) have recently 
reported that when the gastne secretions from 16 
of 18 patients wth permaous anemia (89 per 
cent) were injected mtravenously m dogs with 
stimulated gasfnc pouches, they produced a 
marked inhibition of pouch secretion and acblor- 
hydna. Only 18 per cent of a control group pro- 
duced similar effects 

The foUowing mvestigation ^\'a 3 undertaken to 
determine whether significant differences m the 
anaadity assoaated with these vanous conditions 
would be revealed by a study of the hydrogen ion 
concentration of the gastne secretion and whether 
or not this could be correlated with the gastro- 
scopic appearance of the gastne mucosa or the 
presence in the gastne juice of a secretory depres 
sant For this purpose the pH of individual 
samples of the gastne secretion obtained after 
histamine stimulation ^vas determined electro 
metneaUy with a Beckman pH meter The 
standard histamine test was employed In cveiy 
instance the position of tlie tip of the Rehfuss tube 
was checked fluoroscopically The patients were 
cautioned to avoid swallowing saliva. After the 
fasting contents were withdrawn histamine 
imido * Roche) was injected hypodermically m 
doses of 001 ragm per kilogram of body waght 
The stomach contents were then aspirated at 10- 
minute intervals for one hour The data com 
pnse pH detenmnations m 854 speciraens of gas- 
tne secretion obtained m a senes of 72 patients 
(44 men and 28 women) In 45 patients the ab- 
sence of free hydrochlonc aad (as denoted by the 
presence of a yeUow color with TocpfcFs solu- 
tion) ^vas confirmed by more than one histamine 
test The presence or absence of a secretory dc 
pressant was determined by Dr Brunsduvig in 19 
patients 
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Pernicious anemia 

The 17 patients with perniaous anemia include 
8 men and 9 women The ages ranged from 29 
to 69 All except 2 cases (J C and F L ) had 
received liver therapy The fasting pH vaned 
from 6 70 to 8 50 After histamine stimulation 
there was no sigmficant lowenng of the pH, the 
figures ranging from 640 to 8 81 (Figure 1) In 
all but 4 cases the fasting pH was consistently 
lower than the pH after stimulation The aver- 
age values were 7 43, 7 81, 7 87, 7 95, 8 04, 8 01, 
and 7 99 In one of the 8 patients gastroscoped 
(F M ) a normal stomach was observed The 
clianges in the other cases vaned from a patchy 
atrophic gastntis to extensive atrophy There 
wTis no direct relationship between the seventy of 
the gastroscopic picture, the presence or absence 
of anemia, and the hydrogen-ion concentration 
Helmer, Fonts, and Zerfas (7) found that the pH 
m 47 patients with pernicious anemia varied from 


6 9 to 8 6 In 14, a measurable drop in pH oc- 
curred after histamine stimulation Streicher et 
al (8) observed a pH range of 6 5 to 7 2 in 4 cases 
of pernicious anemia Six patients of the present 
senes were found to possess a gastnc secretory 
depressant, but there was no correlation between 
these findings and the hydrogen-ion concentration 
of the respective gastric secretions 

Atrophic gastritis 

In this group are included 19 patients (10 men 
and 9 women) , the ages ranged from 28 to 68 
The blood counts in all cases were within normal 
limits The fasting pH vaned from 6 51 to 8 60 
After histamine stimulation, a definite drop in pH 
occurred m 8 cases The figures ranged from 
4 52 to 8 59 (Figure 2) The average values 
were 7 47, 7 74, 7 60, 7 00, 6 97, 7 09, and 690 
Although the pH curve resembles that of pernia- 
ous anemia, the range is distinctly greater It is 



Fig. 1 Individual pH Values in PERNiaous Anemia (Histamine Stimulation) 
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Fig. 2. ItnuvDtUAL pH Vaujm in Athdphic GAaiama with ANAOurrY 

(fllSTAlUN* SxmULAnON) 


interesbng to note m this connection that Schindler 
and Scrby (9) were unable to differentiate gas 
troscopicahy between the atrophic gastritis seen 
m pcmiaous anemia and that seen m other types 
of anemia or m cases without anemia. The ex 
tent and seventy of the atrophic gastntis m this 
group could not be correlated with the hydrogen 
ion concentration of the gastric secretions Five 
patients were tested for the secretory depressant 
of Brunschwig, positive results were obtamed in 
3 and negative results in 2 These observations 
ivcTc related neither to the pH nor to the degree 
of inflammation Some patients had been treated 
iwth bver extract and ventncuhn ivithout sig- 
nificant change m the pH values after such thcr 
npy The case of J M is interesting in that it 
represents an instance of subacute combined cord 
d«^enc ration without anemia and with anaadity 
Palmer and Porter (10) have desenbed this pa 
bent m detail previously Oliver and Wilkinson 


(11) have observed an incidence of 100 per cent 
achyba gastnea m 39 such pabents 

Carcxnoma of stomach 

The 8 cases included m this group were all 
males with ages ranging between 50 and 70 Sec- 
ondary anemia was present m 4 pabents. The 
fasUng pH varied from 6 68 to 8 50 After his- 
tamme sbmulabon, a definite drop m pH occurred 
m 4 cases the pH ranging from 4B1 to 8 54 
(Figure 3) The average pH values were 7 46 
7 36 6,99 6,51 6 45 658 and 7.37 In all pa 
bents the caremoma ivas extensive Five pabents 
were gastroscoped , m 2 there was an associated 
extensive atrophic gastritis m 2 a patchy atrophic 
gastnbs while m the fifth case there was no evi- 
dence of atrophy Brunschwig et al (12) con 
tmumg their important studies found t^t the 
gastne secrebons from 21 of 27 pabents with 
carcinoma of the stomach (78 per cent) contained 
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Fig 3 Individual pH Values in Gastric Carcinoma ^VITH Anaodity 
(Histamine Stimulation) 


a secretory depressant Of 3 patients in this 
group similarly studied, 2 yielded positive and one 
negative results The pH could not be correlated 
v\ith any of these observations 

Holland and Bloomfield (13) determined the 
hydrogen-ion concentration (colonmetncally) of 
the gastnc juice in some cases of carcinoma of the 
stomach When a complete absence of aad ex- 
isted, the pH reading vvas usually 6 to 8 In 
several of the cases, even though no test for free 
aad vvas obtained with di-methyl, the pH fell in 
successiv e speamens after stimulation to a pH of 
3 to 5, indicating that traces of aad were being 
secreted These observations are m substantial 
agreement vv ith the present data 

*d)iacidify after radiation therapy 

Palmer and Templeton (14) recently have de- 
scribed the effects of radiation therapy on gastnc 
sjccretion The purpose of such treatment was 


the production of anacidity artifiaally by x-ray 
therapy in ulcer patients, thus removing one of 
the causes essential to the formation of chronic 
gastroduodenal ulcer Ten such cases with an- 
aadity to Toepfer s solution are included m this 
study All were men with ages ranging from 20 
to 52 The amount of radiation therapy vaned 
from 1055 R to 2930 R The red blood counts 
and hemoglobin were umformly normal The 
fasting pH varied from 5 65 to 8 19 After his- 
tamine stimulation, there was a significant drop in 
the pH m 8 cases, the figures ranging from 4 13 to 
8 00 (Figure 4) The average values were 7 17, 
7 31, 6 89, 602, 5 79, 620, and 6 31 In 2 pa- 
tients a superfiaal gastritis vvas seen, while in the 
third case a mild hypertrophic gastritis was ob 
served Negative results were obtained in 3 pa- 
tients studied for the presence of a secretory dc' 
pressant The vanations m pH after histamine 
stimulation were most pronounced m this group 
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(HiSTAIUNE SlOIElAIIOi) 


MisceUamoiis condtUons discussion 

Eighteen patients with vanous misceUancotis The data pmented m this study indicate that 
conditaons were studied. In 3 cases all males, an anacK&y is most complete and constant in per* 
extensive superficial gastntis was present. The moons anemia. The pH vaned between 7 0 and 
secretion of one of these (J E,) was found to &0 with only slight vanations after fnstamnie 


contain the secretory depressant of Bnmschwig 
Cholchthiasis was found m 3 cases Eight pa 
Dents (3 men, 5 women) were diagnosed as face 
Donal bowel distress after complete roentgen 
studies of the gastro-intestmal tract were rntcr- 
preted as normah In 2 of these, a lower- 
ing of the pH occurred after hiirtnmtng ftmtuli- 
Uon The pH of the gastnc secretions in sesne 
instances ^va3 similar to the values obsamed m 
permaous anemia or atrophic gastans. 
none of these patients (excluding dagnlfced 
as superficial gastntis) were gastrotcoped, the 
possible presence of an atrophic gastatii a zet 
excluded 


sumclation. The pH in atrophic gastnus ^ 

^emh^cd that of penuaous anemia but waJ 

Tamhle. It is interesting to note that oot 

are the pH curves similar but also that 

comCticns cannot be distjuguished 

caCjr In addibon, although the senes la ^xf 

najomy of the patients tested 

grotgis were found to possess a 

sant m the gastnc secrefaons. 

carcinoma of the stomach 

were distinctly low er than ^ ^ 

gcoups. These differences ^ ^ 

mdmdttal graphs and the ^ 

5) 
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Fic 5 The pH of the Gastric Secretion in Anacidity Average Curves in 
Pernicious Anemia, Atrophic Gastritis, Gastric CAnaNOMA and Post-radiation 
ANA aniTY (Histamine Stimulation) 


The pH curv^es in the anaadity associated with 
superficial gastntis, cholehthiasis or functional 
bowel distress may resemble those obtained for 
pemiaous anemia, atrophic gastntis or caranoma 
of the stomach, indicating no specific values for 
any particular typQ The artifiaal anaadity which 
follows radiation therapy obviously is not as com- 
plete as m the other groups Palmer and Temple- 
ton have shown, furthermore, that such an an- 
aaditj IS not permanent 

Xo conclusions can be drawn from this study 
as to the mechamsms m\ olved m the pathogenesis 
of spontaneous lustamine-proved anaadity The 
pH levels cannot be correlated wnh the gastro- 
scopic picture, the presence or absence of a sec- 
retorj depressant in the gastnc secreuons, or the 
presence or absence oi anemia Polland (15) 


hkewise attaches no sigmficance to anemia as a 
cause of anaadity 

SUMMARY AND CONCLUSIONS 

The hydrogen-ion concentration of the gastnc 
secretion obtained after histamine stimulation and 
showing a yellow color ('^anaadity'') to Toep- 
fer’s reagent was detenmned m 72 patients (44 
males, 28 females) The senes compnsed 17 pa- 
tients with pernicious anemia, 19 patients with 
atrophic gastntis, 8 patients with caranoma of the 
stomach, 10 patients with anaadity after radiation 
therapy, and 18 patients with miscellaneous con- 
ditions 

The pH of the gastnc secretion in pernicious 
anemia falls within a range of pH 70 to 80 and 
shows no appreaable drop after histamine stimu- 
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latjon Tlie pH of the gastnc secrebou m 
atrophic gastntis resembles that of pcrmaous 
anemia but vanes more than pemiaous anemia 
after histamine stimulationL 
The pH of the gastnc secretion after histamine 
stimulation m carcinoma of the stomach wth an 
aadify and m the anaadity which somehmes fol- 
lows radiation therapy is lower and more vanable 
than that found m pemiaous anemia. 

The mdividual pH curves m these groups may 
resemble one another thus suggcstmg that there is 
no specific pH curve for the anaadity assooated 
with a particular disease process 
There is no correlation between the hydrogen- 
ion conce n t r ation of the gastnc secretion the gas- 
troscopic appearance of the stomach mucosa, the 
presence or absence of a secretory depressant fac- 
tor m the gastnc secretion and the presence or 
absence of anemia. 
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The purpose of this investigation is to compare 
measurements of the blood volume and related 
factors m normal persons and m cases of heart 
disease before and after exercise. Previous m 
direct studies of the blood volume have indicated 
that as a result of exercise there is an increase m 
the concentration of the red blood cells and hemo- 
globin Two explanations have been proposed to 
account for this change, (a) the red cells are ex 
truded from the blood depots mto the arculabon 
thereby increasing the volume of the blood and 
cells (1 2, 3) and (b) there is a change in the 
concentration of the blood due to passage of fluid 
from the blood mto the tissues (4 5) 

The pomt at issue here should be readily clari- 
fied direct measurements of the blood volume 
dunng and after cxerase but the results of such 
determinations do not settle the problem because 
there is no unanimity of opimon In dogs after 
short penods of exercise one group of observers 
(6) found a decrease m the plasma and cell vol 
umes, while another observer (7) noted an m 
crease m all the components of the blood volume. 
In man, Chang and Harrop (8), employing the 
carbon monoxide method for the blood volume, 
exercised 4 normal mdividuals on a bicycle cr- 
gometcr for from 6 to 10 mmutes and found that 
the total circulating blood volume was increased 
from 1 J to 73 per cent Ewig and Hinsbeig (9) 
and Wollhcim (10) using the dye method found 
an average increase of 11 8 per cent in the plasma 
volume and IS 1 per cent m the cell volume after 
short penods of moderate exertion m normal sub- 
jects Levm (11) detenmned the plasma volume 
immediately after exerasc m 11 subjects and 
found It decreased m 8 subjectSj unchanged m 1 
and increased m 2 while the cell volume was 
diminished m 4 mcrcased m 4 and unchanged m 
3 cases Ijiroya (12), working at an altitude of 
2249 meters, concluded from his observations that 
one-half hour of exerasc (runmng and juinpmg) 
dmumshed the plasma volume 85 per cent, in- 
creased the cell volume S 6 per cent, and decreased 


the total blood volume 4 1 per cent. Gibson and 
Branch (13) stated that they observed as a result 
of exerase a prompt and considerable decrease m 
the blood volume. 

Observations on the blood volume before and 
after exercise m patients with heart disease are 
relatively few Ewig and Hmsbeig (9) and 
WoUheun (10) reported that while m healthy 
individuals cxerase increased the arculating blood 
volume through mobiliration from the blood de- 
pots, m heart disease physical activity was not fol- 
lowed by such an effect the volume remaining es 
sentially the same As the patient \Yith heart 
disease regained his cardiac reserve, the response 
of the blood volume to exerase was again normal, 
ue , an increase m plasma and cell volumes The 
results of Levin (11) on heart disease are some- 
what at variance with those reported by the above 
observers This investigator found that the ar- 
culating blood volume mcrcased m 58 per cent of 
the patients with heart disease (compensated and 
decompensated) in contrast to normal individuals 
m whom the volume was diminished m 73 per cent 
of cases as a result of cxerase, 

METHODS AND PROCEDUaES 

The pbuma Tolumc was measured by the dye method 
described by Gibsoa and ETtni (14) The plaima vol 
ume u meaaured by detenmmag the dilution to the blood 
ttream of a meaiurcd amount of an axo dye, T-1824 
after intravenous injection. Changes occurring during 
the experimental procedures were followed by the short 
“indirect method (14) By this method changes in the 
plasm* Tolume m exceu of 4- 40 cc. and — 90 cc. may be 
considered significant^ The total blood and cell volumes 


^Tbe assumption is made that the dye disappears from 
the blood stream at a linear rate and that the best Ime 
fitting the five iniUaJ points gives the rate. Actually the 
rate of disappearance of most substances from the Mood 
stream is proportional to the amount present, tjf it is an 
exponent!*! curve. In this senes of experiments, we 
were interested to know whst was the magnitude of the 
errors which occurred, due both to the experimental vari 
adoa and to the assnmptioa that the disappearance is a 
straight hne. In 2 cases observations on t^ concentra 
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were calculated from the plasma volume and the hemato- 
crit v'alues The hemoglobm \vzs determined by the 
ox>gen combimng power method (15), the blood vis- 
cosity by the Hess Viscometer and the proteins by Howe’s 
Kjeldahl method (16) The circulation time was meas- 
ured by the intravenous injection of “decholm” (17) 
and the venous pressure by the direct method of Griffith, 
Chamberlam and Kitchell (18) 

The procedure of the experiments was as follows All 
the subjects were exammed under basal conditions On 
commg to the laboratory in the morning the subject 

tion of the dye m the serum were made for 90 minutes 
after the beginmng of the experiment without domg any- 
thmg to modify the blood volume (See control curve, 
C D , at the top of Figure 1 ) The mean observed per 
cent error was — 0 82 with a standard deviation of ± 1 04 
per cent This means that, as far as one may argue from 
these 2 cases, 94 per cent of the observations will be be- 
tween + 126 and — 290 per cent or + 38 cc. and — 87 
cc for an average plasma volume of 3000 cc. 


rested on the scat of a bicycle ergometer for 45 minutes 
Durmg and for 10 minutes prior to tlie determination of 
the plasma volume the subject’s arm was placed in a com- 
fortable stand so adjusted that the antecubital vein was 
at the height of the angle of Louis A vien in the ante- 
cubital fossa was punctured and blood was withdrawn 
for a d> e free sample of serum An accurately measured 
amount of dye was then injected. After rinsing the 
syringe and needle several times with blood the venous 
pressure was measured Fifteen minutes (18 to 20 min- 
utes m patients with heart disease) following the dye in- 
jection blood samples were taken at 5-rainute mtervals 
for 20 minutes After the last sample \vas obtained the 
arculation time 'was determined. 

When the sampling was completed, the subject was 
asked to ride a stationary bicycle for 10 mmutes, the nor- 
mal subjects performmg on an average 400 kgm. per 
mmute and the patients with heart disease 350 kgm. per 
mmute. Samples of blood were wlthdra^vn from the 
antecubital vein about half way through the exerase 
period and just before the exercise \vas termmated Dur- 
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inff the post exercise period blood was withdrawn for 
semm samples and relative cell volume. Grculation time 
and venous pressure were measured at varying mtcrvals. 
The lenfith of the experimental period was from 35 to 
40 minutes. 

In several experiments the tjpe and amount of the work 
were changed somewhat In cme experiment (N K.) the 
amount of work was doubled for 4 minutes after the 
usual period. In another the subject (V D ) rode the 
bicycle to exhaustion. The work m two other expen 
ments (J C and A. R.) consisted of gomg up and down 
steps. In still another (A, M B ) the subject was lymg 
m bed while the blood volume ivas determined after 
which he raised his legs abo\c the bed and worked them 
vigorously for 10 minutes. 

Dctcmunations of the plasma and blood volumes were 
made before and following exercise on 6 normal mdi 
viduals, 1 with chronic alcoholism, 1 with anorexia ncr 
vosa and 4 with compensated heart ducasc. In the latter 
group 3 of the patients had rheuraatK heart disease 1 
had only involvement of the mitral valve, while the others 
had both aortK and mitral valves involved. The fourth 
patient of this group had hypertensive heart disease. All 


the patients had had one or more episodes of congestive 
heart failure. At the time of the determinations, all of 
the patients i\erc ambulatory all complained of dyspica 
on moderate exertion hut only 1 had signs of congestive 
failure, a slight peripheral edema The cardiac reserve 
of these patients was not great for all of them com 
plamed of rather severe respiratory distress on perform 
mg what fa considered to be moderate exertion on the 
bicycle ergorocter 

RESULTS 

Normal subjects The charactcnsbc changes 
m the plasma and blood volumes during and after 
moderate excrase are depicted m Figure 1 and 
Table I In every case exercise was accompamed 
by a prompt and deiimte decrease m the plasma 
volume. The diminution m the plasma volume 
was associated with an elevation m arterial and 
venous pressures However there was no cor- 
relation behveen the degree of mcreasc m pres- 
sure and the decrease m volume. In 1 case, 
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doubling the amount of ^^o^k caused a greater 
diminution in the plasma volume Two indi- 
viduals who did exhaustive work showed a rather 
marked decrease m plasma volume 

The changes m cell volume were vanable 
Dunng moderate exertion the cell volume \vas 
slightly diminished in all instances at the end of 
5 or 6 minutes of work Just before work was 
discontmued the volume of the cells showed a 
very shght increase m 2 cases (R D and CM) 


When tile exerase was prolonged, as in the case 
of N K , or exhaustive work was performed, the 
cell volume was increased in 2 out of 3 cases 
The individual (V D ) performing exhaustive 
exerase on the ergometer showed a moderate in- 
crease in cell volume 

Due chiefly to the loss of plasma from the blood 
stream, the degree of diminution in the blood 
volume was almost parallel to that of the plasma 
volume During severe exerase, however, the 
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effect of exercise 

decroje m blood volume avu not quite m g^t 
as that of the plasma volume because of the aadi 

tm of red cells to the blood stream. 

As a result of these alterations m the blood vol 
ume, the scrum proteins, the hemoglobin, and the 
viscosity of the blood increased m proportion to 
the fluid loss from the blood stream In 5 cases 
in which the arm-to-tongue time nns measured 
during exerasc, it was found to be decreased 
Following cxcrase the concentration of the dye 
m the serum gradually fell toward the prolonga- 
tion of the disappearance slope, mdicating dilution 
of the plasma. The plasma \oIumc increased so 
that 25 ramutes after cxcrase the \olume w-as 
within -1-2.6 and —07 per cent of the initial 
value. Similar changes were noted m the blood 
volume. Dunng the post-cxcrase penod the al 
tcrations m the cell volume vxtq agam vanable. 
Several cases shoivcd a slight increase, others a 
slight diminution. Twenty five minutes after ex- 
ertion the homoglobm and viscosity of the blood 
usually reached the pre-exerase level, while the 


scrum proton w-ai sliglitly higlier lion the control 

When more severe cxerosc (N K. and V D ) 
was performed, the volumcj of the plasnu mid 
blood were sUll dummshed and, in 1 case (V U ), 
the cell volume remained elevated 25 minutes alter 
cxerosc (Figure 2) Likcwnsc, the lictnoglobin 
and viscosity of the blood and Uie serum protcios 
remamed elevated although tlie venous pressure 
was less than that observed during the control 
penod 

Heart disease The alterations m the blood 
\x)lume due to excrasc in paiicnti, with heart dis 
case and tliose wtih poor vascubr responses wxrc 
\cry similar to those in the nomal subjects (Tabic 
II) There was dmunution m the plasma \olumc 
The blood \olume w^ not proportionally dumn- 
ished because there was a slight increase m tJic cell 
volume. Here, too, the decrease in the plasma 
Nolume paralleled changes m the arterial and \cn 
ous pressures. During the post-exerese penod 
the plasma and blood volume graduaJl) returned 


TABLE n 

Chaniti in iht tolumt of Ou Ucod bfjorti durtni and ajur modaaU txcTlx4in in aiaormal suhjrcis 
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<^ 1 . the resting values Cases J C and 
W showed a more marked failure to regain 
necessary plasma volume level than did most 
the cardiac subjects Parallel changes were 
t ig place m regard to serum proteins, hemo- 
bm and the viscosity of the blood 
I f , on the assumption that the plasma proteins 
not enter or leave the circulating blood during 
2 procedures, the changes m plasma volume 

• ing the experimental penod can be calculated 
nm the values of the serum proteins, the results 
as obtained are m fairly good accord with those 

• ''d directly by the dye method, except in 2 
^es (C M and J C ) No consistent differ- 
II between the two methods were noted which 
luld be interpreted to indicate that protein left 
i entered the blood stream dunng or after exer- 

(Table III) 


TABLE m 

'^mpanson of tlit valuts observed for the pkisiiui protein vjith 
tMse calcidaiedfrom the changes in total plasrtia volume 


1 

1 

i 

Averajte plasma 
protein for 
experimental ' 
period i 

Ratio 

1 

Observed 

Conditions 

Ob- 

aerved 

Calculated 
from 1 
change | 
in plasma 
volume 
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M B 

67 
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60 
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28 minutes 
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N IC 

70 

7 0 

1 00 

i 

Exercise 

12 minutes 


69 

67 

1 03 

Post Exercise 

26 minutes 

V D 

8 1 

8 0 

1 01 

Post Exercise 

1 minute 


73 

7 2 

1 01 

Post Exerdse 

28 tmnutes 

J c. 

69 
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0 91 

Post Exerdse 

5 minutes 


7 1 

73 
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7 1 

69 

103 

Post Exercise 
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6 4 

6 2 

1 03 

Post Exerdse 

27 minutes 


DISCUSSION 

These results in general are at vanance with 
those reported m the hterature, except in a few m- 


stances where indirect studies of the blood vol- 
ume were made (4, 5) The discrepancies m the 
results obtained by us and those of previous in- 
vestigators anse, we believe, from errors in the 
earlier techniques and procedures employed The 
cntiasms pointed out by Gregersen, Gibson, and 
Stead and others (19, 14) are particularly true 
when plasma volumes are estimated within short 
intervals and at times when the circulating blood 
volume IS changing rapidly In contrast to earher 
methods, the one used m these expenments aptly 
lends itself to a study of changes occurnng dunng 
expenmental procedures In the first place, 
ample time (15 to 20 minutes) is given for the 
dye to be completely mixed vnth the plasma before 
variations m its volume are brought about, sec- 
ondly, it IS not necessary to inject more dye at the 
time when the plasma volume is rapidly changing , 
and, finally, alterations produced can be followed 
both dunng and after the exerase period 

In contrast to the conflicting results reported in 
the hterature, the observations presented above 
show a consistency in the direction and extent of 
changes of the plasma and blood volumes dunng 
and following short penods of moderate exertion 
m both normal subjects and individuals with heart 
disease Dunng muscular exertion the plasma 
volume dimimshes The decrease is proportional 
to the seventy of the exercise The decrease in 
the plasma volume is due to the sudden shift of 
fluid from the vascular system to the interstitial 
fluid and the active muscles This transfer of 
fluid IS attnbuted to the nse in systemic pressure 
and the hyperemia of the muscle which results in 
a nse of the local and capillary pressure This in 
turn leads to a disturbance m the filtration-absorp- 
tion equilibrium of fluids m the capiUanes (20) 
As the blood passes through the active muscles, 
more fluid is forced out into the tissues than can 
be immediately absorbed Some of the fluid 
presumably goes into the muscle cells (4, 20, 21) 
After cessation of exerase, the process reverses 
Consistent findings were also observed m the 
cell volume as a result of exercise No new cells 
were added to the arculation dunng moderate 
exertion m normal individuals Therefore, it is 
evident that the mcrease in the red blood cells and 
hemoglobin dunng work is due to a concentration 
of the blood Furthermore, these observations 
support the view that the increased volume of the 
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stipphed to the acti\c muscles is brought 
mainly by a redistribution rather than by an 
in die volume of die circulating blood 
«\^ien» however, the amount of work is greater, 
!**r Hin*T on thc capacity of die subject — whether 
uuj or \nth diminished cardiac reserve — then 
only IS thc plasnu volume dinumshcd but also 
cell volume is increased But even under these 
v.uuu.tances die diminution m the plasma vol 
is always more marked tlian thc increase m 
cell volume (Oisc V D ) 

There is some evidence to indicate that the 
‘*'*rate increase m cell volume dunng exhaus 
tne cxcrase may be due to the addition of red 
cells from thc blood reservoirs to thc circulatioo. 
In animals there is ample proof diat cxcrase 
causes thc spleen to contract and discharge cells 
into die blood stream (3) It lias been shown 
that this contraction is mediated through the nerv 
ous system and tliat either bek of ox)gcn or an 
increased secretion of adrenin may act as the 
stimulus However, in man, thc depot function 
of the spleen and other organs may be relatively 
unimportant, since dunng exercise when presum 
ably the reserves arc called out, the circulating cell 
volume 13 not greatly increased even when the 
exercise is severe. From die expcnmcntal data 
available it appears that thc stimulus for the con 
traction of the blood depots dunng severe exerasc 
m man is due to the syrapathico-adrcnal media 
msm rather Uian bek of oxygen (22) It lias 
been shown that thc subcutaneous administration 
of cpinephnne is followed by a prompt nse m the 
cell volume (23) while lack of oxygen requires a 
rebtively long time (several hours to days) for it 
to become effective m increasing die cell volume 
(24) Exliaustive locomotor activity by normal 
subjects and moderate activity by mdividuab w ith 
poor vascular control are probably assoaated with 
emotional exatement, an excellent stimulus for 
increased secretion of adremn (22) 

Finally, it must be pointed out diat the cell vol 
ume IS not measured directly by diis method The 
calcubtions of the blood and cell volumes are 
based on the ratio of ceUs to plasma as drawn 
from thc antecubital vein There is suffiaent evi 
dence to mdicate that the red cells and the plasma 
are not thoroughly and uniformly mixed within 
the vascular system (25) Until more data are 
avaibble concermng the alteration that may take 


place m thc ratio of cells to plasma in various parts 
of thc vascular system dunng exerase, one docs 
not kmow liovv mudi reliance to pbcc upon the 
above changes in cell volume 

SUMMARY AND CONCLUSIONS 

Determinations of die v'olume of the blood were 
made at rest and vanations in tins volume were 
followed dunng and after varymg grades of exer- 
cise m nonnal subjeas and in individuals su/Tenng 
with cardiac disease. Additional observations in- 
cluded measurements of the blood hemoglobin and 
viscosity, serum proteins, and venous pressure. 
Thc results of this investigation lead to the fol 
lowing conclusions 

1 In nonnal individuals dunng moderate cxer 
tion there is a prompt and definite decrease in tlie 
plasma volume, accompamed by a corresponding 
decrease in the blood volume while the changes m 
thc cell volume arc vanable though slight. These 
changes arc associated with an increase m the 
blood hemoglobin and viscosity, thc scrum pro- 
tans and thc venous and arterial pressures Fol- 
lowing cxcrase the plasma volume gradually in 
creases and 25 minutes after exerase the plasma 
volume, blood hemoglobin and serum protems 
rcacli the pre-exercisc values 

2 Dunng exhaustive exercise in normal sub- 
jects there is a further decrease in plasma volume 
accompamed by a moderate increase m the cell 
volume Twenty five minutes after thc cessation 
of exerase the plasma volume is still dimimshed 
and the blood hemoglobin and serum protems arc 
increased 

3 In patients wth compensated heart disease 
the dianges m the blood volume dunng and fol- 
lowing exerase are similar to those of normal 
subjects 

4 The increase m red blood cells and hcrao- 
gfobm concentration resulting from exerase is 
brought about mainly by passage of protan poor 
flmd from the vascular system into the interstitial 
spaces It IS only during severe or exhaustive ex- 
erase that new cells are added to the circulating 
blood 
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toward the resting values Cases J C and 
M W showed a more marked failure to regain 
the necessary plasma volume level than did most 
of the cardiac subjects Parallel changes were 
taking place in regard to serum proteins, hemo- 
globin and the viscosity of the blood 

If, on the assumption that the plasma proteins 
do not enter or leave the arculatmg blood during 
these procedures, the changes m plasma volume 
dunng the expenmental penod can be calculated 
from the values of the serum proteins, the results 
thus obtamed are m fairly good accord with those 
obtained directly by the dye method, except in 2 
cases (C M and J C ) No consistent differ- 
ences beUveen the two methods were noted which 
could be interpreted to indicate that protein left 
and entered the blood stream dunng or after exer- 
ase (Table III) 


TABLE ni 

Comparison of tlic values observed for the plo^sma protein with 
ttwse calctdaiedfrom the changes tn tot^ plasma volume 



1 

Avtns 

pro 

exp« 

I 

1 

Ob- 

served 

^ plasma 
itein for 
irimental 
>erlod 

Calculated 

from 

chanKC 

In plasma 
volume 

Ratio 

Observed 

Calculated 

CondltioiiB 

A 

M B 

6 7 

7 1 

0 94 

Post Exercise 

2 minutes 



, 60 

1 5 9 

1 02 

Post Exercise 

28 minutes 

C 

M 

6 1 

6 1 

1 00 

Exercise 

5 minutes 



6 4 

5 8 

1 10 

Exercise 

10 minutes 



6 1 


1 11 

Post Exerdse 

25 minutes 

N 

K 

7 6 

75 

1 01 

Exercise 

10 minutes 



7 6 

8 0 

0 95 

Exerdse 

16 minutes 



7 S 

7 7 

0 97 

Post Exercise 

27 minutes 

N 

X. 

70 

70 

1 00 

Exerose 

12 minutes 



69 

6 7 

1 03 

Post Exercise 

26 minutes 

V 

D 

8 1 

8 0 

1 01 

Post Exercise 

1 minute 



7^ 

72 

101 

Post Exerdse 

28 minutes 

J 

c. 

69 

76 

0 91 

Post Exerdse 

5 minutes 



7 1 

7 5 

0 95 

Post Exerdse 

25 minutes 

M 

W 

74 

73 1 

1 01 

Exercise 

10 minutes 


1 


70 

1 04 

Post Exerdse 

25 rmnutes 

P 

B 

73 j 

73 

1 00 

Post Exerdse 

5 minutes 

G 

H 

64 1 

64 1 

1 00 

Exercise 

9 minutes 



59 

5 8 ' 

1 02 

Post Exerdse 

25 minutes 

H 

C. 

68 

6 8 

1 00 ^ 

Exerdse 

10 minutes 



69 

1 

6^ 

1 

1 06 

Post E«rciae 

25 minutes 

A 

R. 

7 1 

6 9 

1 03 1 

Post Exerdse 

1 minute 



64 

63 

1 03 1 

Post Exerdse 

27 minutes 


DISCUSSION 

These results in general are at variance with 
those reported m the hterature, except m a few in- 


stances where indirect studies of the blood vol- 
ume were made (4, 5) The discrepanaes m the 
results obtamed by us and those of previous in- 
vestigators anse, we believe, from errors in the 
earlier techniques and procedures employed The 
cntiasms pomted out by Gregersen, Gibson, and 
Stead and others (19, 14) are particularly true 
when plasma volumes are estimated withm short 
intervals and at times when the arculatmg blood 
volume is changmg rapidly In contrast to earher 
methods, the one used in these experiments aptly 
lends itself to a study of changes occurring dunng 
expenmental procedures In the first place, 
ample time (15 to 20 minutes) is given for the 
dye to be completely mixed with the plasma before 
vanations m its volume are brought about, sec- 
ondly, it IS not necessary to inject more dye at the 
time when the plasma volume is rapidly changing , 
and, finally, alterations produced can be followed 
both durmg and after the exerase penod 

In contrast to the conflicting results reported m 
the hterature, the observations presented above 
show a consistency in the direction and extent of 
changes of the plasma and blood volumes durmg 
and following short penods of moderate exertion 
m both normal subjects and individuals with heart 
disease Dunng muscular exertion the plasma 
volume dimimshes The decrease is proportional 
to the seventy of the exerase The decrease m 
the plasma volume is due to the sudden shift of 
fluid from the vascular system to the interstitial 
fluid and the active muscles This transfer of 
fluid is attnbuted to the nse m systemic pressure 
and the h3qDeremia of the muscle which results in 
a nse of the local and capillary pressure This in 
turn leads to a disturbance in the filtration-absorp- 
tion equilibnum of fluids m the capillanes (20) 
As the blood passes through the active muscles, 
more flmd is forced out into the tissues than can 
be immediately absorbed Some of the fluid 
presumably goes into the muscle cells (4, 20, 21) 
After cessation of exerase, the process reverses 
Consistent findings were also observed in the 
cell volume as a result of exerase No new cells 
were added to the arculation dunng moderate 
exertion in normal individuals Therefore, it is 
evident that the mcrease in the red blood cells and 
hemoglobin dunng work is due to a concentration 
of the blood Furthermore, these observations 
support the view that the increased volume of the 
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blood supplied to the active muscles is brought 
about mainly by a redistribution rather than by an 
increase in tlie volume of the arculating blood 
When however tlie amount of work is greater 
depending on the capaaty of the subject — whether 
normal or wnth diminished cardiac reserve — then 
not only is the plasma volume dimmished but also 
the cell \olume is increased But even under these 
arcimistanccs the diminution m the plasma vol 
unie IS always more marked than the increase in 
the cell volume (Case V D ) 

There is some evidence to indicate that tlie 
moderate mcrease in cell volume dunng exhaus- 
tive cxerasc may be due to the addition of red 
cells from the blood reservoirs to the circulation 
In animals there is ample proof that exerase 
causes the spleen to contract and discharge cells 
into the blood stream (3) It has been shown 
that this contraction is mediated through the nerv- 
ous ^stem and tliat atlier bek of oxjgcn or an 
mcreased secretion of adremn may act as the 
Stimulus However, in man, tlie depot function 
of the spleen and other organs may be rebhvcly 
ummportant since dunng exennsc when presum 
ably the reserves are called out the arcubting cell 
volume IS not greatly mcreased even when the 
exerase is severe. From the cxpenmental data 
avaibble it appears that the stimulus for the con- 
traction of the blood depots dunng severe excrase 
in man is due to tlie sympathico-ad renal mecha 
nism rather than lack of oiqrgen (22) It has 
been sho^vn that the subcutaneous administration 
of epincphnne is followed by a prompt nse m tlie 
cell volume (23), whfle bek of oxygen requires a 
rebtivcly long time (several hours to days) for it 
to become efifective m increasing the cell volume 
(24) Exhaustive locomotor activity by normal 
subjects and moderate activity by mdividuab with 
poor vascular control are probably associated with 
emotional exatement an excellent stimulus for 
increased secretion of adremn (22) 

Finally, it must be pomted out that the cell vol 
ume is not measured directly by this method The 
calculations of the blood and cell volumes are 
based on the ratio of ceUs to plasma as drawn 
from the antecubital varu There is suffiaent evi- 
dence to mdicate that tlie red cells and the plasma 
are not thoroughly and umformly mixed within 
the vascular system (25) Until more data are 
avaibble concenung the alteration that may take 


pbcc m the ratio of ceUs to plasma m various parts 
of the vascular system dunng exerase one does 
not know how much reliance to pbee upon the 
above changes m cell volume, 

SUMMARY AND CONCLUSIONS 

Determinations of the volume of the blood were 
made at rest and vanations in this volume were 
followed dunng and after varying grades of exer- 
ase m normal subjects and in mdividuab suffenng 
with cardiac disease. Additional observations m- 
cluded measurements of the blood heraoglobm and 
viscosity, serum proteins and venous pressure 
The results of this mvesbgabon lead to the fol- 
Iow^ng conclusions 

1 In normal mdividuab dunng moderate exer- 
tion there is a prompt and defimte decrease m the 
plasma volume, accompamed by a correspondmg 
decrease m the blood volume while the changes m 
the cell volume are vanable though shght These 
changes are assoaated wth an mcrease m the 
blood hemoglobin and viscosity, the serum pro- 
tons and the venous and artenal pressures Fol- 
lowing excrase the plasma volume gradually m- 
creascs and 25 mmutes after exerase the plasma 
volume, blood hemoglobin, and serum proteins 
reach the pre exercise values 

2 Dunng exhaustive exerase m normal sub- 
jects tliere is a further decrease m plasma volume 
accompanied by a moderate mcrease m the cell 
volume. Twenty five mmutes after the cessation 
of exerase the plasma volume is still dimmished 
and the blood hemoglobin and serum proteins are 
increased 

3 In patients with compensated heart disease 
the changes m the blood volume dunng and fol- 
lowing exercise arc similar to those of normal 
subjects 

4 The mcrease in red blood celb and hemo- 
globin concentration resultmg from exerase is 
brought about mainly by passage of protem poor 
flmd from the vascular system into the interstitial 
spaces It is only dunng severe or exhaustive ex- 
ercise that new celb are added to the arcubtmg 
blood 
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Tliat there is a reduction of the CO 3 content of 
tlie serum of patients receiving sulfanilamide ^\a 3 
pomted out by Southworth (1) This finding has 
been regularly encountered by other observers. 
Usually bj^rpnea of varying degrees is present 
The development of severe acidosis is, however 
very rare That the unne becomes strongly al 
kaline at the same time wxis pomted out by Bos- 
nian and Perley ( 2 ) Strauss and Southivorth 
(3) desenbed a large amount of fixed base m the 
form of bicarbonate m the unne. Marshall, Cut- 
Ung and Emerson (4) demonstrated that large 
doses of the drug (1 or 2 grams per kgrru) cause 
very severe aadosis in dogs These findings pro 
duced the mfcrcnce that the change m breatiung 
^va 3 compensatory for bicarbonate reduction m 
the plasma. Recently, however, Hartmann, Per 
ley and Barnett (5) have advanced the hypothesis 
that the climcal and chemical findmgs can best be 
explained on the basis of an alkalosis caused by a 
primary hyperventilation Their evidence was 
the demonstration m four subjects of a shght nsc 
m scrum pH m the presence of considerable re 
duction of serum bicarbonate and secretion of a 
strongly alkaline unne According to this view, 
the removal of fixed base in unne, with conse- 
quent reduction of plasma bicarbonate 13 a sec 
ondary and compensatory event That such an 
adjustment may take place in response to reduc- 
tion of plasma carbomc aad by hyperventilation is 
shown by the results of voluntary overbreathmg 
expenments ( 6 ), although it should be noted that 
in these experiments the removal of bicarbonate 
m unne occurs m the presence of a much more 
extensive increase in serum pH ihzxi Hartmann 
found following sulfanilamide administration 
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vard Medi<;al SchooL 
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Tins paper presents the results of a further cx- 
aminabou of the changes m aad base excretion 
and in the electrolyte structure of the blood scnmi 
in the presence of sulfanilamide admimstration 
and of tile relationship of increased lung ventila- 
tion to these changes These two items of mquiry 
were approached by different paths The results 
obtained will therefore be desenbed separately 

ACID-BASE CHANGES IN UBINE AND IN 
BLOOD SEBUM 

The m formation sought ^vas a desenpUon of 
changes in aad base excretion m unne during 
penods of sulfanilamide administration suf- 
fiaently quantitative to permit correlation with 
measurements of alterations m the usual electro- 
lyte structure of the serum 

Plan of study 

In order to provide a stationary mtake of the individual 
electrolytes t^ patients were maintained on a rigidly 
cofistant metabolic regunc. The diet in each case was 
detemuned by usual food habits and then identical 
weighed portions of each ortide of food were eaten dally 
A constant 6md mtahe ^va* roamtamed at a liberal IcveL 
After a week 00 the constant diet, cooiecotive 24-hour 
collections of urine were begun and cootamed throughout 
the period of study which was dmded mto a forepenod 
of 6 to 8 days, a penod during whl 9 h the patient received 
sulfanilamide every 4 hours, followed by an aftcrperiod 
of about one week. 

Two patients were submitted to this plan of study 
Subject W P was a 26-ycar-old gardener well in all 
respects except for gonorrheal arthritis of the right knee 
of 4 months duration. The jomt became entirely well 
durmg treatment The penod of sulfanilamide adminls 
tradoo during which he received 1.33 grams of the drug 
every 4 hours extended over 28 days. Subject E C was 
given 60 grams of sulfanilamide over a period of 10 days 

Analytical methods 

The 24-hour collections of unne were preserved with 
tohioL A small pordon of each voidmg was collected 
under oil for roeasuTcroent of pH which was done 
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colonmetncally by the method of Hastings, Sendroy and 
Robson (7) Immediately on completion of each 24-hour 
unne collection, the measurement of ammonia was ear- 
ned out by the method of Fohn as modified by Van Slyke 
and Cullen (8) The other analytical methods used were 
as follows sodium, Butler and Tuthill (9) , potassium, 
Fiske and Litarczek (10) , total base, Fiske (11) , cal- 
cium, Fiske and Logan (12) , chlonde, Eisenman (13) , 
phosphorus, Fiske and Subbarow (14) , sulfanilamide, 
Marshall (15) , total nitrogen, the Kjeldahl method The 
blood was collected under oil and the serum separated 
anaerobically as soon as clotting permittecL The CO^ 
content of the serum was determmed by the method of 
Van Slyke and Neill (16) Serum pH was measured 
colonmetncally by the method of Hastings and Sendroy 
(17) In obtaining measurements of other components 
of serum, the methods already ated were used 


Results 

The measurements obtained from W P over 
the 42 days of study are displayed graphically m 
Figure 1 Several features of the data which de- 
senbe the excretion of Na, Cl, K and NH^ in the 
unne are readily apparent The most prominent 
one IS a very large nse in the excretion of sodium 
durmg the first day of admimstration of sulfanila- 
mide Over the remainder of the prolonged 
penod of study the daily excretion of Na, al- 
though quite widely fluctuant, approximates the 
roughly defined forepenod level Immediately fol- 
lowmg the cessation of sulfamlamide administra- 
tion, a progressive and extensive reduction of Na 
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Fig 1 Data Obtained During a 28 -day Period of Sulfanilamide 
Administration 
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excretion occurs over a 4-day period, wluch is then 
followed by a stepwise return to tlie region of the 
forepenod level The initial nse m Na is ac 
compaiued to only a sbght extent by Q, nor does 
Cl excretion m the afterpenod follow tlie large 
reduction in tlie excretion of Na Thus, during 
the first day of sulfanilamide administration there 
IS removal of Na m large excess over Cl and in 
the pf terpen od the reverse event, a nmdi more 
extensive removal of Q tlian of Na. The meas- 
urements of K desenbe changes In excretion level 
in the same directions as Na but of considerably 
less extent The NH* values show at tlie outset 


of the sulfanilamide penod a bnef but extensive 
recession and m the afterpenod a large nse, m 
other words an inverse relationship to the two 
large components of fixed base excretion, Na and 
K. As would be expected, unne pH displays 
changes reaprocal -with respect to NH 4 
The measurements of concentration of Na 
HCO3, and Cl in the blood serum are plotted m 
the upper section of the chart with reference to 
the values found on the day preceding the penod 
of sulfanilamide admmistration and they dearly 
desenbe two events At the outset of the sul- 
fanilamide penod the (Na) falls rapidly and at 


SUBJECT E.a 



Fig, 2. Data Obtaihed DuEmc a 10-da\ Pesioo or Suu^AxiLAiciiE 
Aduiki stvation 

In the middle curve the shaded area above the bate hne Indicates Ac 
difference of sodium cxcrction-cblonde cxcretloo while that below mdl 
cates cfalonde cxcrcdoti-soditmi cxcredoo, demonstrating the Uck of com- 
panionship between Acse two ions. 
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the end of the third day is about 4 m eq per liter 
below the initial value This level is then approxi- 
mately sustained until sulfamlamide is removed, 
whereupon (Na) returns in the course of 6 days 
to a usual value These changes in (Na) are ac- 
compamed by closely equivalent changes in 
(HCO3) The other event is a somewhat larger 
change of (Cl) m the other direction, produang 
an increase of about 6 m eq Here again there is 
the feature of rapid approach to the new level 
which is then held fairly steadily over the sul- 
fanilamide penod 

The data from the other subject, E C , are 
recorded m Figure 2 and also in Table I As may 
be seen m Figure 2, the features of change in the 
daily excretion values f or Na, Cl, K, and NH 4 and 
m the concentrations of Na, HCO 3 and Ct found 
m the serum of W P are again descnbed The 
relationship of Na and Cl excretion is, however, 
much more clearly defined by the measurements 


obtained from this subject To make quite clear 
the extent of disruption of the compamonship of 
Na and Cl, the values for the imtial excess of 
removal of Na over Cl and the subsequent larger 
excretion of Q than of Na are plotted on the 
chart 

Discussion 

If it be assumed that the extrarenal removal of 
Na, K and Cl by way of the skin and in the feces 
is a small fraction of the total excretion and has a 
fairly constant value, fluctuations m the daily 
quantity m unne, in the presence of a stationary 
intake, may be taken as measunng gain or loss 
from the body 

This premise is used with the reservation that 
the measurements of gam or loss of Na or Cl 
which it provides must be regarded as rather 
rough approximations The daily excretion 
values for these extracellular electrol 3 rtes have 


TABLE I 

E C — Unnt data 


Date 

Volume 

Total 

base 

Sodium 

Potaasium 

Caldum 

Average 
pH 1 

Phoa 
phorufl 1 

Chloride j 

1 

Ammonia 

1 

SulfanU 1 
amide i 

Total N 



ioUU 

total 

total 

total 


total 1 

total 

total 

1 

total 

grams 



m Eq 

trt Eq 

nuEq 

m Eq 


m Eq* 1 

mJEq 

m Eq 

Srajns 

March 18 

2540 

258 5 

162 1 

75 3 

11 1 

6 15 

407 1 


23 57 


12 193 

March 19 

2795 

270 9 

178 4 

82 59 

10 5 

618 1 

29 71 1 

WaSs^ 

340 


11 698 

March 20 

2198 

261 7 

166 2 

69 3 

99 

6 10 

32 1 


25 9 



March 21 

2385 

274 0 

191 5 

845 

95 

640 

40 1 

176 0 

30 64 



M 2 irch 22 

2105 

254 2 

164 6 

87 6 

89 

6 30 

432 

151 7 

29 09 

1 

11311 

1 
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March 23 

3000 

415 6 

284 3 

123 53 

in 

7 SO 

637 

183 7 

12 84 

1 436 1 

12 387 

March 24 1 

2965 

380 8 

251 6 

1210 

■til 

6 95 

50 9 

198 5 

17 35 

3 882 

12 420 

March 25 

27SO 

277 9 

169 2 

103 6 

Bra 

7 17 

544 

143 14 

22 6 

4 099 

12 638 

March 26 

2330 

224 1 

127 8 

91 71 


640 

34 3 

124 1 

26 9 

4 093 

11 943 

March 27 

2540 

249 8 

157 6 

76 1 

12 7 

617 

30 6 

150 2 

34 2 

4 461 

13 270 

March 28 

2540 

263 7 

176^ 

81 6 

14 5 

640 

33 2 

159 3 

31 1 

4 258 

i 12 031 

March 29 

2180 

244 1 

165 7 

72 8 

14 6 

6 82 

45 2 

152 6 

363 

4 349 

i 13 024 

March 30 

2430 

298 9 

216 76 

62 4 

16 6 

6 73 

34 3 

2119 

46 14 

5 167 

1 12 954 

March 31 

1830 

158 7 

102 9 

22 4 

11 8 

6 72 

29 2 

135 7 

28 6 

4392 

11 722 

Apnl 1 

1 

2720 

221 5 

122 2 

48 9 

1 

13 4 

5 92 

25 6 

148 8 

52 06 

5 195 

12 385 


SULFANILAMIDE STOPPED 


Apnl 

2 

1985 

158 8 

113 0 

48 0 

10 8 

6 55 ' 

37 7 

91 08 

47 64 

3 819 

12 491 

Apnl 

3 

1545 

106 6 

50 91 

51 8 

10 4 

560 1 

37 8 1 

90 64 1 

85 7 

1 328 

14 080 

Apnl 

4 

1545 

83 7 

24 3 

43 2 

79 

5 92 

35 1 

78 25 

845 

0 315 

12 690 

April 

5 

1550 

140 6 

81 7 

39 5 

85 

5 32 

40 0 ' 

1180 

68 8 

0 084 

10 856 

April 

6 

2075 

246 7 

187 4 

46 6 

83 

5 32 

29 8 1 

175 2 

38 4 

trace 

9844 

Apnl 

7 

2460 

255 1 

189 0 

63 8 

94 

6 55 

26 3 1 

177 3 

38 9 

1 0 

9 732 

Apnl 

8 

2420 

255 3 

145 6 

65 8 

83 

6 22 

45 5 

152 6 

39 94 

0 

8 906 


pH 


• These values were calculated from the total phosphorus in mols from the pH by the use of the equation 

^ , 1 HPOi" 

= 6 66 + log p _ 
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been found to oscillate considerably even when 
intake IS accurately constant (18) However, m 
the presence of wde change m excretion, csbma- 
tion of gain or loss obtained from an approxi- 
mately defined forepenod level may be accepted as 
dependably desenpUve. On this basis the most 
conspicuous findmg from the unne data is a large 
loss of Na at the outset of the sulfanilamide penod 
which is to only a shght extent accompanied by 
an increase in chloride excretion Along vnth 
this event the serum data desenbe a reduction of 
(Na) and an increase of (Q) Rough calcula- 
tion of the relationship of Na loss to (Na) re- 
duction m the serum produces the information 
that the loss is much larger than the fall in concen- 
tration in the serum desenbes Using the data 
from E. C (Table I), and taking the average of 
the measurements of Na over the forepenod as 
representing the level of excretion m unne which 
sustains Na balance in the body, a loss of 190 
im eq IS found over the first 2 days of sulfamla- 
mide admmistration Reduction of (Na) in the 
serum was 3 3 m eq per liter Total extracel- 
lular flmd, on assumption that it amounts to about 
20 per cent of body weight, \vas 12 hters for this 
subject. Thus a loss of 40 m cq of Na would 
account for the fall m plasma (Na) On the 
premise that Na is held in the body only m extra 
cellular flmd, the remainder of the Na loss m 
unne, 150 m eq , must be accompamed by an 
eqm valent wlthdra^val of extracellular water 
Smee the ^vater loss is presumably at the expense 
of mterstitial flmd Nvater m which the normal 
value for (Na) may be taken as 147 m, eq per 
hter, the estimated reduction of extracellular fluid 
volume m this subject amounts to about one hter 
Inadcntally this provides explanation of the nse 
of (Q) found m the blood serum The expected 
nse may be roughly estimated TIic value for 
(Q) in the serum at the beginnmg of the sul- 
fanilamide penod was 100 nu eq per hter so that 
tlie 12 hters of extracellular flmd contamed 1200 
m cq of Q Excretion of Q m the unne, above 
the forepenod level, ^va3 55 m, eq over the first 
2 days The increased (Q) caused by reduction 
of extracellular flmd volume to 11 hters should 
therefore be 1200 — 55/11 = 104 m eq per hter, 
which IS m the neighborhood of the value found, 
105,8 m, eq per hter This objective explanation 


of the process of mcreasc m plasma (Q) does 
not, of course tell us why renal control permits it 
Another clearly evident finding is an increased 
removal of potassium Estimated from the fore- 
penod level of excretion, this loss of K for the 
first 2 days of the sulfamlarmde penod is 85 m, eq 
The measurements of (K) m the serum show no 
appreciable change. Loss of one hter of extra 
cellular flmd would remove only about 4 m eq of 
K The increased excretion must therefore be 
denved from intracellular fluid where K is the 
largest component of the total base value. The 
observed reduction of (Na) m extracellular flmd 
of 3 3 m, eq per liter may reasonably be supposed 
to make necessary a correspondmg reduction of 
(K) m tile adjacent fluid If the mtraccUuIar 
flmd volume for this subject be taken as 30 hters 
(50 per cent of body weight), then the expected 
removal of K xsTiuld be30Xd3 = 99m eq 
The loss of K therefore probably docs not involve 
a reduction of intracellular flmd volume. 

From the plasma data recorded m Figures 1 and 
2, It may be seen that the changes in (HCO*) and 
(Q) are roughly rcaprocal Taken by them- 
selves they would suggest very strongly that the 
bicarbonate reduction caused by the admmistra- 
tion of sulfanilamide could be desenbed as a 
"chlonde aadosis” The close correspondence 
of the reductions of (Na) and of (HCO,) makes 
it clear however, that bicarbonate is lowered by 
removal of BHCO, and not by a process of dis- 
placement of the anion HCO, by Q The in 
crease m (Q) is therefore entirely gratmtous as 
an explanation of bicarbonate reduction and is also 
mystenous as regards its accommodation m the 
aad base framework of the serum. As shown 
by the total base measurements m Table I, and 
also those of K and Ca there is no replacement of 
the Na reduction by extension of the other com 
ponents of serum base. As regards sulfanilamide 
itself, if it be assumed that this substance behaves 
as base and crediting it with divalency the concen- 
tration measured in the scrum would not cover 
more than a small fraction of the (Q) mcrease. 
Among the anion components protein is the only 
one large enough to provide place by recession for 
the approximately 5 m eq per hter mcrease of 
(O) Smee there is no reduction of the concen 
tration of protem, base could be supplied only by 
alteration of its usinl base equiir m 
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some way related to the presence of sulfanilamide 
That sucli an event occurs is tlie only surmise that 
the authors are able to devise from the data at 
hand The manner of the covenng of the (Cl) 
increment therefore awaits further investigation 

The changes in acid-base excretion in unne and 
the accompanying changes in the electrolyte struc- 
ture of tlie plasma which these data descnbe sug- 
gest at first glance a disabihty of renal control in 
the presence of sulfanilamide This surmise, 
however, is not altogether suited by the outstand- 
ing feature of these findings, namely, an imtial 
large removal of sodium which is then followed by 
a steadily sustained excretion at the forepenod 
level The alternative explanation that the 
changes m the electrolyte structure of the serum 
represent adjustments which are made necessary 
by the presence of sulfanilamide and which are 
thereafter accurately sustained by tlie kidney at 
least deserves consideration, the authors believe, 
m spite of the imphed offense to the threshold 
conception of renal control The cunous in- 
verse change in the serum levels for (Na) 
and (Cl) IS not to their minds readily refer- 
able to an error m tubular function The 
authors, however, admit that these reflections 
scarcely constitute an argument It is perhaps 
worth noting that these effects from sulfanilamide 
administration bear a resemblance m some re- 
spects to tliose found by Gamble, Blackfan and 
Hamilton (19) for the so-called acid-produang 
salts There is the same removal of Na and K 
with an accompanying loss of body water and the 
same large increase in serum (Cl) They record 
the cunous finding that tins increase in (Cl) is 
apparently not a direct consequence of the mges- 
tion of calaum clilonde or of ammomum chlonde 
since it also occurs to the same extent following 
the adinimstration of ammomum sulfate There 
IS no appreaable change in plasma fixed base so 
that, m the case of these salts, the reduction of 
plasma HCOj which occurs is clearly referable to 
tlie increase in (Cl) 

the relationship of HYPERPNEA and BICAR- 
BONATE REMOVAL IN URINE FOLLOWING 
INGESTION OF SULFANILAMIDE 

The finding, following sulfanilamide admmis- 
tration, of a removal of Na m excess over Cl m 


the urine, reduction of serum bicarbonate and in- 
creased pulmonary ventilation produces the en- 
tertaimng question of the causal relationship of 
these events Does the sequence of these changes 
begin with the alteration of breathmg or with the 
removal of fixed base^ The usual role of hy- 
perpnea as an adjustment of carbonic aad m the 
plasma in the presence of bicarbonate reduction 
points to the base loss m the unne as the initial 
event Overbreathing experiments, however, 
have shown that pnmary reduction of carbomc 
acid in the plasma is followed by a removal of bi- 
carbonate m the unne, and Hartmann's hypothesis 
IS that the first step in sulfamlamide effect is hy- 
perpnea produced presumably by action of the 
drug on the respiratory center The essential 
item of Hartmann's evidence consists in demon- 
stration of an increase in plasma pH, indicating a 
primary alkalosis for which bicarbonate reduction 
by removal in unne may be regarded as compen- 
satory The change in pH which Hartmann re- 
ports is not, however, m most mstances of a con- 
vinang magmtude Here it may be pomted out 
that since pH is in process of adjustment, whether 
by removal of bicarbonate in unne or by increased 
ventilation of the lungs, large departures from its 
normal value would not be expected It would 
therefore seem desirable to measure other factors 
in the situation which should exhibit a greater 
width of change than the closely guarded pH 
value Moreover, the question of the sequential 
relationship of the alteration in breathmg, the re- 
duction of plasma bicarbonate, and the removal of 
fixed base m the unne is obviously answerable if 
the position in time of these events following the 
admimstration of sulfamlamide can be clearly 
defined To this end observations were obtained 
from two subjects 

Plan of experiments 

The subjects were healthy young male adults 
The respiratory data obtamed were the rate of 
lung ventilation, consumption, COj production 
and alveolar COo tension ^ In artenal serum, pH 
and CO 2 content were measured, and CO 2 tension 
^vas calculated In the urine, pH and the rate of 
removal of bicarbonate were determined These 

3 We are indebted to Dr John H Talbott for these 
determinations 
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data were obtained directly before and at several 
I to 2 hour intervals after administration of a 
single large dose of sulfamlanudc. The spirom 
eter collections were over 50-minute penods just 
preceding the taking of serum samples In addi- 
tion to the two sulfanilamide expenments, a third 
set of observations was obtained from one of the 
subjects at the bcgmmng and at the end of a 50- 
ramute penod of voluntary overbrcathing 

Results and discitssjon 

The data from these expenments arc recorded 
m Table III and arc also sliown graphically in 
Figure 3 The results of the two sulfamlamide 
expenments are m good agreement The nse m 
serum pH desenbed by Hartmann was not found 
m these two subjects Actually m this early 
stage of sulfamlamide effect a fall of pH was 
observed, but of such slight extent that its sig- 
mficaDcc is doubtful The measurements of unne 
bicarbonate show a nearly constant rate of re 
moval which, moreover, has about the same value 
for both subjects Since tlie rate found from 


unne collected over the first penod following sul- 
fanilamide admimstration (recorded on the chart 

TADLE II 

E C — ‘Serum data 


DaU 

Total 

base 

Sodl 

Um 

Potas- 

dtun 

Cal 

diun 

Fho». 

phonu* 

Chlo. 

rid* 

Car 

boa 

di 

oxlda 

suir 

■ pH 

March IB 
March 22 

PtT 

ItUr 
1S2J 
150 7 

Ptr 
UUr 
142 8 
141^ 

P<r 

UUr 

3 795 

4 113 

1 

1 4 6 

4 87 

2J2 

2-59 

XSr 

101^ 

99JI 

(otet 

m.lf 

29J 

2B.2 

MXM 

0 

0 


tuLTArauuaoE beguh 


March 13 
March 24 

14BA 

L39J 
137 9 

4 18 

4 68 

2-37 

105.8 

2iE 

345 

4-58 

March 26 


138.0 

4 41 

4 56 

2.22 

104-S 

21 4 

6-29 

March 2B 

144J 

13dJ 

4 16 

4 65 

2.06 

106.6 

21 7 

5.26 

March 30 

145J 

13dB 

3J18 

4 68 

1 97 

103 9 

20E 

1 6-31 

April 1 

147 8 

13BB 

4 12 

4 68 

2.15 

1023) 

21 6 

1 5.90 


APWL 2 — tULFAMLOODB ITOITrH 


Ae*U3 

151A 

140 1 

4315 

4J4 

1 97 

103.64 

24 9 

± 

April 5 

1553) 

143.2 

4 40 

4 57 

1 90 

102J6 

299 

0 

April 7 

154.8 

144 4 

4 76 

1.60 

1.86 

99 4 

293) 

0 


* Calculated for pH 7 4 by the equation 


7 4-^6 dialog 


HPOr 

Total P-HPOr 


TABLE ni 

DaUi ohiained tn experiments reUUin£ hyperpnea, and Incarbonaie remml in tie unne 


SDLFAKUJUUDE BXPEJUltHNT I K J 


Time 

Eeapiratloa 

Serum (arterial) 

Urine 

VemiU 

don 

COi 

Oi 

ILQ 

AlTcolur 

CO* 

pH 

H 

uco* 

Volume 

pH 

mm 

HCO* 

7 J5 a m 

10.25 ajn 

1230 p m 

3 45 p m 

— 

liltn Ptr 
mimuU 

7.80 

6M 

780 

9J26 

«. 

Mlairii 

245 

220 

229 

23S 


0 87 

0 81 

0 78 

0 74 

MM. 

ng 

40 6 
393 

35 6 

36 4 

7 41 
738 
738 
740 

MM. 

at 

41 

39 

35 

35 


cc. 

SO 

200 

420 

120 

66 

73 

80 

8.1 

total 

138 
33 41 
2430 
2630 

oooo ■ ? 

lo 


SUIFANILAUIDE BXPEJiniKNT H IL IL 

733 am 

8.50 a-m 

10 12 a m 

1135 a-m 

1230 p m 

464 

466 

4 98 
SJS 

5 42 

162 

164 
166 
168 

165 

277 

218 

221 

227 

227 

0 75 

0 75 

0 75 

0 74 

0 72 

417 

36 7 
353 

35 4 
353 

742 

738 

738 

403 

402 

353 

26 4 
253 

22 2 

51 

410 

350 

210 

95 

53 

73 

7 S 

77 

73 

0 10 
17 22 
15 60 
13 89 
10 77 

0302 

0 198 

0 190 

0 166 

0 026 


13 J gninw iulfanllarnlde and 200 cc. HjO at 8 a m 


OVKRBIIBATHING EIPEEIUBHT R- U 


735 ajoi 

830 a m 

5 70 

8 54 

167 

206 

215 

206 

0 78 
130 

33 1 

20 7 

740 

737 

400 

22 0 

21 2 
193 

165 

210 

53 

69 

036 

392 

0 005 

0 071 


50-imnute voluntary hyperventilation begun at 747 a.ni- 




























642 


W W BECKMAN, E C ROSSMEISL, R B BETTENGILL, AND W BAUER 


SEROU 

pH 


75 

74' 




/ 


20 

SERUM 

HCOb 24 
m-E^L j 

20 ' 


ARTEfilAL 

pCOa 

mm Hg 




ventiution 

LITERS 
PER MIN 
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TIME (MINUTES) 0 100 300 500 
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EXPER. I 


0 100 300 0 100 

SULFANILAMIDE OVER* 

EXPER n breathing 


Fig 3 Data in Tabi^ III Demonstrating the Difference 

BETWEEN THE SULFANILAMIDE EXPERIMENTS AND THE OvERBREATHING 

Experiment 


at the end of the penod) has approximately the 
same value as m the subsequent penods, it is evi- 
dent that establishment of this rate of removal is 
an almost immediate effect of sulfamlamide The 
change in unne pH corresponds Serum bicar- 
bonate IS found to dechne over a penod of 5 hours 
when, according to the longer expenment (I), it 
becomes roughly stationary The measurements 
of the volume of lung ventilation have a cntical 
significance As may be seen in Figure 3, no in- 
crease in ventilation is found at the end of the first 
penod following sulfanilamide Gradual develop- 
ment of h 3 q)erpnea m these two subjects is de- 


scribed by the subsequent measurements Since 
the unne data demonstrate that the process of bi- 
carbonate removal is fully established dunng the 
first penod following sulfanilamide, pnonty of 
this event would seem to be clearly indicated 
This inference is supported by the measurements 
of artenal CO 3 tension By the end of the first 
penod pCOj m Expenment I has fallen only 
slightly and in Expenment II is found unchanged 
A discordant item in the evidence must be ad- 
mitted The measurements of alveolar CO 2 ten- 
sion show a defimte reduction at the end of the 
first penod m the second expenment and are 


EFFECT OF SULFANILAUIDE ON ACID-BASE METABOLISM 


643 


therefore m direct disagreement wth the measure- 
ments of ventilation and of artenal pCO^ The 
authors are unable to account for this discrepancy 
A finding of incidental interest is tliat the rate of 
CO, removal by the lungs is not measurably in 
creased by the gradual development of hyperpnea. 
Appreciable reduction referable to CO, removed 
m the unne as bicarbonate 'would not be expected 
since this quantity is relatively minute, amounting 
to about 6 cc per mmute. 

The defects of resemblance of the data found 
following sulfanilamide administration to those 
data produced by the 50-nnnute overbreathing 
experiment, which describe a situation of pn- 
mary alkalosis, are dearly evident m Figure 3 
The measurements of serum pH and of artenal 
pCO, show that the expected change of these 
values m the presence of increased ventilation of 
the lungs is rapid and extensive and the unne data 
demonstrate that adjustment by removal of bi- 
carbonate 13 under way by the end of the 50- 
minutc penod Here, however, it may be noted 
that m the presence of great change m venbbtion 
the rate of removal of bicarbonate is much smaller 
than 13 found m the sulfanilamide experiments m 
the absence of appreaable cliange m ventilatiom 
This fact smts the secondary position of bicar- 
bonate removal m the overbreathing expenment 
and pomts clearly to its pnmary significance fol- 
lowing sulfamlaimde. 

The total evidence of the data from these ex- 
perunents thus quite dcfimtdy indicates that the 
hyperpnea which devdops following sulfamlamide 
administration should be regarded as an adjust- 
ment to an mibal removal of fixed base m the 
unne, 

SUHMAEY 

Over a period of continued admmistration of 
sulfamlamide, several alterations of acid base 
metabolism are found to occur There is a large 
loss of sodium accompanied by a smaller loss of 
potassium and little or no loss of chlonde loou 
The concentration of sodium m blood plasma is 
reduced to the extent of 4 to 5 m eq per liter 
There is no replacement of this deficit by exten 
Sion of the other components of total base. The 
loss of sodium is mudi larger than the reduction 
of Its scrum concentration mdicates and therefore 
presumably mvolves a considerable withdrawal of 


extracellular %vater The quantity of potassium 
lost suits tlie hypothesis of a reduction of total 
base concentration in intracellular fluid to the ex- 
tent caused m extracellular fluid by the recession 
of sodium The fall of sodium concentration m 
the plasma corresponds closely with and explains 
a reduction of bicarbonate, 'Itie concentratioa of 
chlonde ion, on the other hand, is mcreased to the 
extent of 5 to 6 m cq per hter above the mitial 
value This elevation agrees m extent with a 
reduction of extracellular fluid volume estimated 
from the sodium loss The accommodabon, m 
terms of base equivalence, of this extension of 
chlonde ion m the presence of an actual reduction 
of total base is imexplamed An outstanding 
feature of these alterations of aad base excretion 
and of the electrolyte structure of the plasma is 
that they occur rapidly (within 1 to 3 days) at the 
outset of the penod of sulfamlamide admimstra- 
tion Electrolyte exchange and the altered values 
m the plasma are then steadily sustamed until sul 
faiulainide is removed The imbal losses of so- 
dium and potassium are then rapidly recovered 
and the normal electrolyte pattern of the plasma is 
restored. 

Observations of respiratory change, scrum al- 
terations and the removal of sodium m the unne 
at short (1 to 2 hour) intervals foUoiving inges- 
tion of a smgle large dose of sulfanilanude clearly 
desenbe the entrance of bicarbonate into the unne 
as an almost immediate event which is followed by 
a gradual development of mcrcasc m lung vcnbla 
tion The hyperpnea observed durmg sulfatula 
raide therapy may therefore be regarded as a sec- 
ondary event compensatory to plasma bicarbonate 
reduction caused by removal of fixed base m the 
unne. 

The authors are extremely indebted and grateful to Dr 
James I- Gamble for his suggestions m the fnterpretatioa 
of the data and in the preparation of the manuscript 
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SERTBI URATE IN RELATIVES OF GOUTY PATIENTS * * 

By JOHN H. TALBOTT 
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(Rccciiicd for publication April 18, ISMO) 


Though the hereditary nature of gouty arthntis 
has been rccognued for centunes, systematic 
studies of afflicted families are rare. Of several 
Items which are pertinent to such studies, there 
are at least tv\o significant ones These concern 
(a) the hereditary transmission of gout and (b) 
the pathogenesis of its chmeal manifestations If 
the hereditary data are obtained from routme 
clinical records without painstaking study of tlie 
living relatives, the familial madence appears to 
be low Dihgent medical and soaal investigation 
of gouty fanulies, however, discloses evidence 
which indicates a high fanuhal madence and sup 
ports the hypothesis that gout is an hereditary 
malady (1, 2, 3, 4, 5) Such a survey which has 
been conducted by us has sho^vn m addition that 
an elevated serum urate may be observed m rela- 
tives of gouty patients even tliough they, the rela- 
tives, display no other clinical evidence of gout or 
gouty arthntis 

EXPEaniENTAL OBSEHVATIONS 

These data were obtamed during the past five 
years from the mvesbgation of one hundred and 
thirty SIX blood relatives of twenty seven patients 
with gout A clinical diagnosis of gout (6, 7) 
was apparent m each of the patients Twenty 
three of the twenty five males had x ray evidence 
of gouty arthnbs The two females had proved 
urate tophi The concentration of serum urate 
(8) \vas deter min ed four or more times In all 
except one sample from one patient it was greater 
than 60 mgm per 100 cc In the absence of 
renal insuffiacncy or leukemia an elevation of 
serum urate above 6 0 mgm constitutes important 
evidence m support of a diagnosis of gouty ar- 
thnbs m pabents with unexplained joint disease, 

^Tlm Invesu^tjon wai aided by a grant from the 
Com Induitnes Retcarch Foundation. 

* The results of this mvestigaition were presented at the 
meeting of the American Sodefy for ClmlcaJ investiga 
ticm Atlantic City New Jersey May 2, 1938. 


Excepbons to tins may be noted in pabents over 
60 

No one of the one hundred and thirty six rcla- 
bves appeared to be suffering from gout or gouty 
artlmbs Fifty-aght per cent of the group were 
males. The ages vaned from 6 to 86 Most of 
them were in ather the 3rd 4th or 5th decade of 
life The kinship to the gouty pabents mcluded 
parent silbhng child, grandchild neice, nepheiv 
and cousin. Two had rheumatoid arthnbs, six 
degenerabve joint disease, and two rheumabc 
heart disease. The remainder of the group were 
in apparent good health 

X rays of the feet were taken m one hundred 
and ten subjects Changes considered to be con- 
sistent wth gout were not observed m any The 
concentrabon of scrum urate was determmed one 
or more bmes in each relabve One hundred and 
two had a concentrabon less than 60 mgm per 
100 cc. In a few instances the determinabons 
were repeated and the normal values were checked- 
The average for the one hundred and two sub- 
jects was 4 6 mgm This is slightly higher than 
the average for a similar number of non gouty 
subjects (9) The concentrabon of serum non 
protein mtrogen was less than 35 mgm per 100 
cc. m each member of this group 

The rcmaimng thirty four relabves had a scrum 
urate greater than 6 0 mgm per 100 cc The 
scrum values ranged from 6 1 to 10,8 mgm per 
100 cc, (Table I) The average was 7.3 mgm 
The detennmabon was repeated in thirteen sub- 
jects one or more bmes ivithm four years of the 
onginal observabon and foimd elevated. The 
ages of these subjects ranged from 14 to 86 
Eighty per cent were males. The geneological 
trees of two famihes are given m Figures 1 and 2 

The senun nonprotem mtrogen concentrabon 
was less than 35 mgm per 100 cc. m each instance 
Intravenous phenolsulphonphthalem and urme 
concentrabon tests were studied m a few The 
tests were normal Other causes 
serum urate were excluded " * 
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medical history and by physical examination It 
IS apparent that an elevated serum urate may be 
observed in members of gouty families who pre- 
sent no other evidence of gouty arthntis It is 
concluded that such an elevation is intimately asso- 
aated with the constitutional gouty diathesis and 
is not the result of renal disease 

It IS of interest that, dunng the eighteen to 
thirty-six months that have elapsed since this com- 
munication was prepared for pubhcation, three of 
the thirty-four have had one or more attacks of 
acute arthntis Their ages at the time of the 
acute attacks were 40, 46, and 47, respectively 
One or more joints of the feet were involved 
X-ray changes or subcutaneous tophi were not 
demonstrable subsequently A presumptive diag- 
nosis of gout m these three subjects is justified 
probably on the basis of family history, elevated 


TABLE I 

Exp^nmcnUd observations on hventy-seven gouty famtltes 


Family 

Relatives 
with a 
normal 
conccntra- 
1 tion of 
wrum 
urate 
Number 

1 

Relatives with an Increased 
concentration of 
serum urate 

Age 

Sex 

Serum urate 



i 


mttn per 





100 cc 

An 

13 

17 

Male 

63-69 



20 

Male 

77 



1 21 

Female 

62 



1 25 

Female 

10 7 



43 

Female 

70 

Br 


38 

Male 

80 

Bu 

5 

17 

Male 

70 



20 

Male 

66 



37 

Male 

6 1 

j 


42 

Female 

70 



47 

Male 

6 2-6 7 

Caf ' 

3 




Can 

1 

2 




Cent 

3 

37 

Male 

65 

Char 

3 




Chas 

5 




Col 

8 1 

18 

Male 

94-6 6-88 

Cora 


40 

Male 

9 5-6 2-7 4 

Cron 

14 

46 

Male 

66-6 1 

Di 


24 

Male 

74 

Fa 

1 

37 

1 

Female 

64 


TABLE I — Continued 


j 

Family 

Relatives , 
with a 
normal 
concentra 
tion of 
serum 
urate 
Number 

Relatives with an increased 
concentration of 
serum urate 

Age 

Sex 

Serum urate 





mint per 





100 cc 

He 

1 

72 

Male 

77 

McG 

1 




Mor 

2 

54 

Male 

74 



63 

Male 

68 

Mort 

! 

48 1 

Male 

6 3-9 5-7 1 

Na 

5 ' 

34 

Male 

73 

Pe 

7 1 




Re 

5 

1 

24 

Male ^ 

6 8-7 9 



29 

Male 1 

79 


1 

57 

Male 1 

91 

Ri 

5 1 

65 

Male 

61 

Sa 

1 

20 

Male 

61-7 0 

Sch 

1 

37 

Female 

62 

St ‘ 


58 

Male 

1 65-69 

Ta 

12 

39 

1 Male 

64-67 



j 46 

Male 

9 6-10 0 



1 86 

Male 

6 4-6 2-6 3 

Tran 

5 

28 

Female 

67 



14 

Male 

64-64 

Tort 

' 1 





serum urate and an acute attack of arthntis On 
the other hand, no one of the subjects who had a 
concentration of serum urate less than 60 mgm 
per 100 cc has had any acute attacks which sug- 
gested gouty arthntis Obviously, it is hazardous 
to predict whether any more of the relatives will 
develop symptoms of arthntis m the future 

In addition to the blood relatives, the wives of 
five patients with gout, whose sons had an elevated 
serum urate, were interviewed The concentra- 
tion of serum urate was less than 5 0 mgm per 
100 cc in each of them 

DISCUSSION 

Twenty-five per cent of one hundred and thirty- 
six relatives of gouty patients showed an increase 
m serum urate above 6 0 mgm per 100 cc. It is 
beheved that this is a manifestation of a famibal 
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tendency If this assumption is correct, it is 
probable that an mcreased concentration is present 
at birth or shortly after, although the youngest 
age observed by us was 14 The fact that three 
subjects were older than 70 indicates that an ele- 
vated level m the body is compatible with good 
health and a reasonably long hfe The high in- 
cidence of males in the group with an elevated 
senun urate agrees preasely wth the sex distnbu- 
tion of climcal gout 

Little IS known concermng the etiology of gout 
other than that it is a metabohc dyscrasia asso- 
aated with an increased concentration of urate in 
the body It is the behef of the wnter that an 
increased formation of urate is the most signifi- 
cant factor m the gouty diathesis (10) If this 
hypothesis is correct, cases of gouty arthritis may 
appear m gouty families regardless of mode of 
living or environment The finding of an m- 
creased concentration of serum urate m non-gouty 
relatives of gouty patients lends additional sup- 
port to the hypothesis that gout is a defect of 
punne metabolism, this defect bemg one of in- 
creased formation of urate 

SUMMARY 

A study has been made of one hundred and 
thirty-six relatives of twenty-seven patients with 
gouty arthntis At the time of their first exam- 
ination no one of the relatives had had any symp- 
toms or x-ray evidence of acute or chronic gout 
The serum urate was normal in one hundred and 


two of the group, tlie average was 4 6 mgm per 
100 cc In the remaimng thirty-four, the concen- 
trations varied from 6 1 to 10 8 mgm per 100 cc , 
the average was 7 3 mgm per 100 cc Eighty- 
three per cent of these subjects were males It is 
concluded that an elevated serum urate, an essen- 
tial component of the gouty diathesis, may be ob- 
served in symptom-free members of gouty 
families 

The following persons assisted in this study Dr F S 
Coombs, Mrs E A Gall, Mr W V Consolazio, and 
Mr L J Pecora 
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The purpose of tliesc studies lias been to pre 
sent a new method for measuring pain tliresholds, 
together with expenmcntal observations on the 
physiology of pain and on tlie effect of vanous 
chemical agents upon pain thresholds 

Methods for estimating the intensity of the 
stimulus required to e\oke a painful sensation in 
the skin may be classified under the headings 
mcchamcal, chenucal elcctncal, and thermal The 
mcchamcal devices as used by von Frey (1) and 
by Eddy (2), involving production of pain by 
pressure, empincally correlated the amount of 
pressure and the pain threshold The deforma 
tion and internal stresses m tlie tissues responsible 
for the sensation ^\ere not investigated and it may 
not be assumed that there is a simple proportion 
ahty betvv een the pressure and the mtensify of the 
sensory stimulus. The chenucal methods of im 
tatmg the skin have not been thorouglily explored 
The thermal methods of producing pam arc 
among the oldest and were mtroduced as a method 
of study by Goldschcider (3) m 1884 These 
methods, involving apphcation of hot objects to 
the skin or immersion of a member m hot water, 
have added httle of a quantitative nature to the 
study of pain sense. The only method of study 
for which the relation of tlie stimulus to its physi- 
ologic and sensory effects has been investigated is 
the electneal method of stimulating with Faradic 
current mtroduced by Helmlioltz (4) and studied 
carefully by Martin (5) This method has been 
widely used, largely m the study of the action of 
analgesics by Martin and his co-workers and by 
Macht and his assoaates (6) Recently Hauck 
and Neuert (7) have used high frequency currents 
m the study of pam thresholds. 

Valuable work has been done with the above 
methods but none of them combmes the flexibility 
and preasion necessary for some investigations 
The use of thermal radiation for the study of pain 


has many advantages, the most important of 
which are 

1 The necessary apparatus is simple and easily 
constructed 

2 The intensity of the stimulating agent can be 
preasely measured, 

3 The sensory tlireshold to pain as a result of 
this stimulus IS a sharply defined expencnce so 
that tliresholds may be determmed with accuracy 
higher than that of other methods 

4 The method is flexible so that the time of 
exposure to the stimulus the state of the skin, 
etc., can be vaned at will 

5 The stimulus can be used for large and small 
areas of skin even though tlie surface be irregular 

6 The stimulus can be repeated m rapid suc- 
cession without injury to the skm surface tested. 

Radiation was first used to stimulate skm sen- 
sation by Alrutz (8) in 1897 In 1921 Sonne 
(9) focussed the rays of the sim onto the skm to 
produce pain. Neither of these authors was 
studying pmn although Sonne showed that the 
white human could stand more penctratmg radi- 
ation^ than non penetrating radiation In 1934 
Dallenbach (10) used radiation to produce pam 
in an investigation of adaptation 

The expenraents of Oppel and Hardy (11) 
demonstrated that the radiation techmque could be 
applied quantitatively to the study of temperature 
sense, and the methods devised by these authors 
have been adapted to the measurement of pam 
thresholds The pain is produced by concentrat- 
ing the radiant energy from a powerful source 
onto the skm The sensation produced is sharp 
a ' bnght pam ’ (12) and is to be distinguished 
from an ache or deep pam. Whereas our obser- 
vations apply specifically to pam m the skm, it is 
probable that they have broader implications 
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METHOD 

The apparatus for measuring the pain threshold is 
shown schematically m Figime 1 

The light from a 1000 watt lamp, L, was focussed by a 
condensing lens, C, through a fixed aperture onto the 
blackened forehead of the subject, H The surface of 
the forehead to be tested was thoroughly blackened with 
India ink. This measure was taken to insure total ab- 
sorption of the radiation, regardless of pigmentation of 
the skm, and to eliminate possible effects due to the pene- 
tration of the rays below the skin surface. The stimulus 
could thus be considered as purely thermal 

The mtensity of the radiation was controlled by means 
of a rheostat, RH Immediately in front of the lamp 
was mounted an automatic shutter, P, which was arranged 
to allow the radiation to pass through to the subject for 
exactly 3 seconds This time mterval was so short that 
the heating of the skm was local and effects due to con- 
duction at the edges of the aperture could be neglected. 
Thus, the temperature changes m the exposed area were 
assured to be uniform. It was necessary that the time of 
stimulation be fixed precisely as the pain threshold de- 
pended upon this factor In the present apparatus P was 
fixed to a heavy pendulum. The shutter, S, was operated 
manually, and allowed stimulation of the subjects when 
desired. 

The method of making the measurement of pam 
threshold was as follows The subject seated himself and 
placed his forehead m position. The aperture was ar- 
ranged so that 3 5 cm.3 of blackened skm could be ex- 
posed After a mmute or so the shutter, 5*, was lowered 
and the radiation allowed to fall on the skm for 3 sec- 
onds The subject reported on his sensation If no pam 
was experienced, the mtensity of the light was mcreased 
and after 30 to 60 seconds the test was repeated. This 
procedure was followed until the subject just felt pam at 


the end of the exposure. This threshold pam was easily 
recognizable even by untramed subjects The sensation 
was that of heat finally “swellmg'' to a distmct, sharp 
stab of pam at the end. When this condition had been 
reached the radiometer, R, was placed m the aperture m 
place of the forehead of the subject and the mtensity of 
the radiation measured m gm. caL/sec/cm.* This value 
was considered to be the mmimum stimulus for pam and 
was shown to be proportional to any thermal changes tak- 
mg place m the skm, whether the total change or rate of 
change of skin temperature or both be considered. The 
radiometer was calibrated by means of a radiation 
standard of the U S Bureau of Standards and also with 
an expenmental black body 

The time required to make a smgle observation was 
usually less than 2 mmutes The maximum variation 
from the mean was m all cases less than 12 per cent, and 
several measurements agreemg withm 2 per cent were 
made to establish a threshold. Among the physical fac- 
tors which were found to influence the threshold were 
those which tended to mcrease the rate of heat loss from 
the skm Sweating was found to cause a great decrease 
m the effectiveness of this type of stimulus Also strong 
drafts and especially cold rooms had to be avoided. Cir- 
cumstances which affected the condition of the skm, such 
as sunburn, calluses, or skm lesions, changed the level of 
the threshold As the skm temperature had some m- 
fluence on the threshold, most tests were made on the 
forehead The forehead temperature is constant (34 0 ±. 
05® C) over a wide range of external temperatures 
(20-28® C ), barrmg sweating from any cause. 

RESULTS 

The measurements of pam threshold on the 3 
subjects over a period of a year are shown in 
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Figure 2 Half the measurements on any subject 
tv ere wthm ± 2 per cent Further all 3 sub- 
jects had nearly the same thresholds, iu7, 0.229, 
0231, 0233 gm cal/sec./cm* for H G W, 
J D H , and H G , respectively Any smgle 
measurement could be expected to be within d: 5 
per cent of this average value Daily measure- 
ments of pain thresholds were made over a period 
of about a year Before measurmg pam thresh 
olds, estmiates were made by each subject con- 
cerning his or her general effectiveness as regards 
daily tasks and emotional state. These vaned 
considerably from day to day but their effect on 
pam threshold was m every case less than 12 per 
cent, and there was no constant relationship be 
tween any mood vanant and the pam threshold 
There was no anxiety on the part of the subjects 
as regards the expenmental procedure and the 
fact that the pam threshold remained independent 
of emotional state should not be taken to mean 
that the subjects reacted to the pam m the same 
way every time. Martin (5), usmg Faradic cur 
rent as stimulus, observed a diurnal variation m 
pam threshold or irntabihty with a low pomt at 
10 aam to 11 aan. and a high point at 4 pjn to 
5 pjn. ' On the other hand, Macht (6) with the 
same method, could demonstrate no change at all 
during a 26-hour expenment Our measure- 
ments, made at vanous times of the day between 


9 aaru and 7 pan., showed no significant changes 
with tune of day 

Except for procedures directly affecting the 
skin and chemical agents having analgesic action, 
we have demonstrated few factors affectmg the 
pain threshold Bmdmg the head firmly with a 
bandage through which a window was cut for the 
threshold measurement was found to increase the 
average threshold by about 4 to 6 per cent This 
nse though defimte shows that an mtense sen- 
sation due to a stimulus which is not painful 
affects the pam threshold to a mmor degree 
Gnppmg a bar as tightly as possible was found to 
raise the threshold m one subject 7 per cent and 
m another 15 per cent As gnppmg the bar was 
slightly pamful, a larger mcrease m threshold 
resulted than m the case of bandaging the head. 
An extremely loud ond penetrating noise produced 
by stnkmg a metal plate held just behind the sub- 
ject s head caused a nse of 14 to 32 per cent m 2 
subjects depending upon the duration of the stim 
ulus Contmued striking for 30 seconds pro- 
duced a nse of 25 to 30 per cent The intensity 
of sound was so great as to be *painfuL' It 
would be expected that other factors, such as the 
e.\atement of a contest or an acadent would have 
appreciable effects on the reaction to pam. This 
matter will be discussed m a subsequent com- 
mumcation 
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The nature of the sensations resulting from ir- 
radiating the skin is of mterest In 1884 Gold- 
scheider (3) claimed to have demonstrated that 
the sensation of pain or burning is not mediated 
by the end organs of heat In order to make cer- 
tain that m these experiments we were dealing 
with pam and not a strong sensation of heat, the 
followmg two expenments were performed 
In the first experiment the thresholds of pam 
and of heat were determined on 2 subjects Then 
1 8 grams of acetylsalicyhc acid were given by 
mouth The changes in thresholds for both heat 
and pam were followed for 4 hours (Figure 3) 
The pam threshold was raised 35 per cent, whereas 
the heat threshold was actually lowered 55 per 
cent This differential effect of the drug clearly 
separates the two sensations In the second ex- 
periment it was shown that the peripheral struc- 
tures mediating pam and heat sensations are en- 
tirely separate Pam thresholds were measured 
on the back of the left hand and on the forehead 
A sphygmomanometer cuff was then wound 
around the left arm above the elbow and inflated 


to a pressure of 200 mm of Hg The pam 
thresholds on hand and forehead were followed 
for 35 minutes, the pressure m the cuff released, 
and thresholds followed until normal values were 
again obtamed Estimates of the amount of pam 
resulting from the manometer cuff were made, 
and the '^6+ pam” just before release of the 
pressure represents an almost intolerable state 
It was repeatedly demonstrated that after 35 
mmutes of ischemia, sensation ip the hand had 
almost disappeared with the exception of pam 
From this experiment it seems probable that pain 
and temperature are not served by the same 
penpheral apparatus 

Figure 4 demonstrates the course of the above 
experiment The sohd line represents the change 
in threshold of the ischemic hand, and the dashed 
hne the change m threshold of the forehead 
Since the pam threshold m the ischemic arm was 
elevated to the same degree as that m the fore- 
head, one may conclude that the observed effect 
was due to pam resulting from the ischemia rather 
than from the ischemia itself It has been men- 



(Dashed portion taken from different experiment with same amount of agent) 
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Fio. 4 The EIftect of Ajuustino the Blood Flow to the Left Aau Upon the Patn 
Threshold in the Left Hand (Dashed Link) and on Forehead (Solid Line) 
Upper shaded area rcprcicnts the lubjecUvc cstnnates of the pam caused by the ischemia 
m the arm. 


tioned above that pain induced by methods other 
than those involving ischemia also raises the pam 
threshold 

Furthermore, the above expenment indicates 
that pam occumng m one part of the body causes 
a nse m the pam threshold m the rest of the body 
It also appears that the pam threshold rose with 
the increase m the intensity of pain from the cuff 
The maximum height of this effect was between 
30 and 40 per cent above the normal threshold 
Also, as wll be discussed m a later comraumca 
bon, various chemical agents raise the pain 
threshold (13) 

Hardy and Oppel (14) demonstrated almost 
perfect spabal summabon for heat and cold sen 


sabons on the forehead. That is, as the area ex- 
posed to the radiabon ^va3 increased, the strength 
of stimulus necessary to evoke sensabon decreased 
almost in proporbon Applicabon of this method 
to pain was made m an attempt to demonstrate 
spabal summabon The experiments on pain 
were earned out m a smular manner to those on 
temperature sense, except that smaUer areas were 
stimulated. However, senes of were used, 
ynih a rabo of extreme sizes of 4joO 1 The data 
for 2 subjects are shown in Tafcflc I 
From the smallest to the laa^cst areas there was 
a slight decrease m the mte^ty of stimulus neces- 
sary to evoke pam. Thy may be due to shght 
spabal summabon, or wi^t is more likely,'' to thc^ 
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TABLE I 

Inicnsxty of radiation required to evoke patn^ with three 
seconds* exposure, for various sized areas of skin 
on the forehead 


Area 

Subject G 

Subject H 

Average 

cm * 

gm cal 1 see, (cm * 

gm cal {sec, (cm * 

gm cal {sec {cm * 

0 07 

0 287 

0 247 

0 277 


0 314 

0 265 



0 262 

0 245 


0 13 

0 264 

1 0 257 

0 258 


0 269 

0 252 



0 259 

0 257 


0 19 

0 254 

0 255 

0 258 


0 265 

0 255 


0 95 

0 258 

0 228 

0 243 

346 

0 249 

0 228 

0 236 

7 10 

0 240 ' 

0 242 1 

0 242 

10 00 

0 240 

0 225 

0 233 

28 30 

0 256 

0 241 

0 241 

0 245 


subject's underestimation of the pam threshold as 
a result of the strong sensation of heat which pre- 
cedes the pain with the large areas For the 
largest area, the heat stimulus was more than 400 
times the threshold value, for the smallest area 
the sensation of heat was often not present at all 
Thus, when large areas of the forehead were ex- 
posed to the radiation, the thermal sensation was 
so strong that expenence warned that pain was 
imminent, and with the smallest areas in which no 
heat sense was present pam was felt only as a 
pnek It is necessary that the time of exposure 
be short (3 seconds or less) for this experiment 
in order to obtain the same heating rate for all 
sized areas Figure 5 shows a companson of the 
area stimulated and intensity of stimulus required 
to evoke the sensations of heat and pam The 
companson is made on the basis of the rate of 
nse of skin temperature Other relations, such as 
total change m skm temperature and the rate of 
energy absorbed, are proportional to the stimulus 
measured m these terms It is evident that there 
IS httle, if any, spatial summation of pain sensa- 
tion of the type found with heat sense or cold 
sense ^ 

The pain curve (FJg^re 5) shows the relation- 
ship between intensity of stimulus and area which 
must exist if there be no spatial summation The 


existence of this relationship, however, does not 
prove that there is no spatial summation for pam 
That IS, even though enlarging the exposed area 
did not reduce the intensity of stimulus necessary 
to evoke pam, spatial summation for stronger 
stimuli was not excluded Thus, 0^30 gm cal / 
sec /cm ^ may represent both the threshold of 
exatation for the end organs and the sensory 
threshold of pain, and a lower stimulus would not 
be expected to evoke a pam regardless of the 
amount of spabal summation present This 
would correspond to the finding of Hardy and 
Oppel (14) for temperature sense with large 
areas (They observed that when 200 cm ^ of 
surface had been exposed they could not further 
decrease the threshold stimulus no matter how 
much larger area was irradiated ) There is sub- 
jectively a “ bigger " pain with 28 cm ^ than with 
0 07 cm ^ of exposed surface, although the inten- 
sity of pam did not seem to be different 

In order to test whether or not spatial summa- 
tion exists with supramimmal stimuli and to apply 
threshold measurements for such a purpose, it was 
necessary to administer an analgesic agent (mor- 
phine) whose action can be assumed to be central 
rather than peripheral If under such arcum- 
stances there were spatial summation for these 
supramimmal stimuli, the pam threshold would be 
raised by the morphine to a smaller degree in a 
large area than in a small area In other words, 
if increasing the size of the area exposed had had 
the same effect as increasing the intensity of the 
radiation, the morphine would have raised the pam 
threshold less for the large area 

The followmg expenment was performed on 2 
subjects Threshold stimuli were measured for 
areas 0 3 cm ^ and 3 46 cm the latter represent- 
ing more than eleven-fold increase in area This 
area ratio, on the basis of the summative effects 
found in temperature sense, would have been 
ample to show spatial summation of pam if it 
existed After obtaimng normal thresholds, mor- 
phine was administered to the subjects and the 
change m threshold m these two areas was fol- 
lowed for 6 hours Smee morphine acts centrally, 
it may be assumed that pam impulses from both 
areas were being evoked when the stimulus was 
above the normal threshold and that more pain 
impulses were ansmg from the larger area than 
from the smaller 
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Fig, 5. Relatio'^suip Bet^veen Iaw Intensity of Theesholo 
Stimulus (Rate op Chance of Skin Teupebatuke in Decrees feb 
Second) and the Log Area Stimulated 
Upper curve =* pam lower curve = heat 

The results of the experiment arc shown m for pam does not exist In any case it has not 
Figure 6, and it is seen that the morphine caused been possible to demonstrate spatial summation 
the same nsc m threshold to pain m the tivo areas for pam 

Thus, one must conclude either that morphine acts Lack of summation indicates that the central 
to prevent spatial summation or that summation representation for superfiaal pam is different 



Fic. 6. Effect of Morphine Upon the Threshold Shmuu prom Large 
and Small Areas 
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from that of temperature and touch Pam is in- 
creased in intensity only by increasing the inten- 
sity of the stimulus and not by assoaation of 
larger numbers of impulses from vanous sources 
Therefore, the evidence from both the penpheral 
and central components of the pain apparatus sug- 
gests that functionally pain is distinct from other 
sensations These demonstrated differences 
imply a system of discrete neural umts for pain 
sense It is useful to consider pam as a umque 
esthetic experience with its own physiological 
properties and neural mechamsms 

The range of stimuh from the exatation thresh- 
old of most sensations up to the pam threshold 
IS great With sight the ratio is greater than 
10® 1, with temperature 10® 1, and other senses 
have ratios lying m this range The body, be- 
cause of spatial summation, is therefore extremely 
sensitive to stimuh of these types The ratio be- 
tween the stimulus evoking threshold pam and 
that causing tissue destruction is about 2 to 1 
Thus, 0 230 gm cal /sec /cm ® ^vlll evoke a 
threshold pam m 3 seconds, in the same time 
0460 gm cal /sec /cm® will mvanably produce 
blistenng and cause an extremely intense pam 
Obviously, a similarly intense pam would result 
from a relatively mild stimulus over a large area 
were there spatial summation for pam, mitigatmg 
against the organism Adequate provision has 
been made through pam to warn the organism of 
the approach of tissue damage without effecting a 
sensitiveness which would make hfe unbearable 
It IS nevertheless true that the individual is aware 
of multiple pains and that discomfort is increased 
according to the size of body area involved For 
many obvious reasons a sunburn over the entire 
body surface wll cause more distress than that 
over a 1 cm ® area, even though the intensity of 
the pam in each case be the same In this sense 
the distress of the orgamsm must be considered as 
a function of both the mtensity of the stimulus 
and the size of the area over which it is effective 

SUMMARY AND CONCLUSIONS 

1 A quantitative method for measuring pam 
tliresholds m the skm by thermal radiation has 
been descnbed The method has the general ad- 
vantage of measunng a physical quantity which is 


directly proportional to the changes occurnng m 
the skm The method has the further advantages 
of preasion, simphaty of techmque, rapidity of 
measurement, and the fact that the stimulus is in- 
nocuous upon repeated apphcation except at high 
mtensities Further, any part of the skm surface 
may be studied and the size of the stimulated area 
vaned at will 

2 Pam thresholds measured m this way did not 
vary consistently with time of day, with the gen- 
eral effectiveness, or the emotional state of the 3 
subjects 

3 Individual threshold measurements for 3 
subjects were 0 229, 0 231, and 0533 gm cal/ 
sec /cm ® and all measurements were found to be 
withm ±: 12 per cent of their respective average 
values The standard deviation for a single 
measurement was calculated to be ± 2 per cent 

4 Intense pain m any part of the body raised 
the pam threshold in the skm m other parts as 
much as 35 per cent 

5 The senses of pam and heat, which were al- 
ways stimulated together, were shown to be sep- 
arate sensations through the action of acetylsah- 
cyhc aad This drug lowered the heat threshold 
and raised the pam threshold 

6 The penpheral structures responsible tor 
pam sense were distinguished from those of tem- 
perature and touch by demonstrating that oc- 
cluding the blood for 25 minutes did not directly 
affect the pam threshold m the ischemic hand, 
whereas other sensations could hardly be ehated 

7 Pam sense was found to have no spatial sum- 
mation m the sense that the pam threshold for 
many end organs was no lower than that for a 
few This was observed to be the case for mim- 
mal stimuh and for supraminimal stimuh after 
morphine admimstration 

8 The mtensity of radiation which produced 
bhstermg m 3 seconds was observed to be twice 
that necessary for the bare perception of pam 
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Though valuable observations have been made 
of the action of analgesic agents these have been 
based in the main on animal experimentation and 
chmeal impression (1, 2 3 4 5, 6 7, 8 9, 10, 11) 
No adequate method for assaying their effects on 
the pain threshold in man has been available. 
However, since the prime purpose of an analgesic 
drug concerns its action in man it is desirable to 
measure accurately its effect on man s pain thresh 
old For such measurement a smtable method 
has now been developed (12) Also, it is im 
portant to define precisely other analgesic effects 
It has thus been possible to evaluate the thera 
peutic effectiveness of the opiates and to make m- 
ferences concemmg the nature of the pam ex- 
penence m man 

METHOD 

QuanUtativc meaiurcnicnta of the pam thrcthold were 
made by expoimg 3 5 cm.* of skin surface for 3 seconds 
to thermal radiation The intensity of radiation which 
barely evoked pam was denoted as the pam threshold. 
In this way the normal pain threshold level was estab- 
lished to :1:2 per cent by malong observations at 5- 
minutc mtervols until a constant threshold was obtained. 
This usually required four observations. After the con 
trol measurements an analgesic agent was administered 
and observations of the pam threshold were made at 10- 
mmnte mtcnrals until the threshold had returned to the 
control level that is, until all pam threshold raising action 
had ceased. The height of the pam threshold raismg 
effect was expressed m per cent clevatioa above the con 
trol level. The protocols were dutributed so that the 
threshold of each subject was measured by a colleague 
who in turn was unfamiliar with the change m hli own 
threshold. Occasionally observers not participants m 
the experiment made threshold readings. Thus three 
independent protocols were made, no individual knowing 
how much his own threshold had been altered. Occa 
tionally itenle salt was mtroduced mto one of the syr 
mges to that rt was known to all that one of the subjects 
had not received an analgesic drug although which one 
had been so treated was not revealed until the end of the 
experiment All agents were administered mtramm- 
cularly 


\Vith each pain threshold reading the subject Tnjd/» a 
condsc statement of his psychological itnte. In the 10- 
mmutc interims berivecn readings the subjects sat com 
fortably and engaged m reading writing or conversation. 
Sleep was not permitted for reasons to be discussed later 
and if drowsiness became difficult to manage the subjects 
walked about the laboratory Durmg long experiments 
food was taken, but not until it had generally been con- 
ceded that the peak of action had been passed. The 3 
subjects then consumed about the same amount of nnJk 
and bread. This usually took no longer than 15 minutes, 
after which the readings continued as before. 

Morphine m vanous amounts was administered to each 
subject on IS different occasions and codeme on 15 
Thus, a total of 54 morphine and 45 codeme experiments 
was performed on 3 subjects. The tunc interval be- 
tween such experiments was seldom shorter than 1 week 
and usually 2 weeks or more. Thus the possibility of 
acqmring a tolerance to morphme and codeine was mml 
maL Furthennore, it was demonstrated by a repetition 
of standard quantities about once a month that no tolcr 
ance to morphme had been developed. At the end of the 
study the threshold raismg effects of 15 mgm, of mor 
phinc and of 60 mgm. of codeme were the same as at the 
bcgmmng of the study In additwo, experiments were 
made With other opium derivatives, namely dihydromor 
phinonc ( Dilaudid ) nxtbyldibydromorpbinoae ^ 

( Metopon ) pantopium hydrochloride ( Pantopon," 
Roche) and combinations of scopolannnc and morphine. 

SUBJECTS 

The subjects studied were the 3 authors of the 
paper They represented both sexes and different 
body types One of the males was a tall, linear 
person, the other shorter, more muscular and 
‘ thick set’ The woman was tall and well devel- 
oped. AH weighed about the same, te 65 kgm 
TTie 3 mdividuals resembled each other in the pos- 
session of more than average energy and cunosity 
but differed from each other temperamentally m 
bfe orientation and m mterests. They were con- 
sacntious witnesses and as might be expected m 

1 Courtesy of Dr Howard L. Andrews U S PtAUc 
Health ScrvKc. 
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terested and willing Since it was necessary to 
rnake these determinations on persons who were 
suffenng no pain other than that induced by the 
experiment, it was unreasonable to expect any but 
those most concerned to expose themselves to this 
inconvenience 

OBSERVATIONS 

Threshold In the maimer descnbed above, the 
pain threshold was determined daily and before 
each expenment It was found, as has been dis- 
cussed in detail elsewhere, that the mdmdual^s 
pain threshold vaned but httle from day to day 
and also that the pam threshold of the 3 subjects 
differed but slightly 

Dunng the first senes of expenments the sub- 
jects were free of all pain other than that induced 
by the test procedure Freedom from pain before 
and dunng the penod of pain threshold measure- 
ment IS important It will be shown in the second 
part of this commumcation that pain, per se^ raises 
the pam threshold and that pre- or co-existent 
pam, either spontaneous or induced expenment- 
ally, senously alters the threshold-raising action 
of morphine and codeine Menstruation, which 
introduced no factor of discomfort m the female 
subject, did not change her pain threshold 

The subject's reaction to the expenraental pro- 
cedure was recognized as having potentially im- 
portant effects upon the observations In order 
to evaluate this effect, several expenments were 
done m which one subject received a placebo A 
typical expenment is shown m Figure 1 It can 
be seen that the procedure itself was neutral so 
far as threshold-raising effect was concerned 

SERIES I 

Morphine sulphate Observations The results 
of expenments with 8 different quantities of mor- 
phine from 0 1 mgm to 30 mgm are shown m 
Figure 2 The threshold to pam was observed 
to nse wthm 10 minutes following injection 

The height and duration of the threshold-rais- 
ing effect increased with the amount administered 
Whether the amount of the agent was large or 
small the threshold began to nse after the same in- 
ter\^ of tune but contmued to nse at different 
rates imbl the peak effect for the particular 
amount had been reached 


ao-% 
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STERILE SALINE C#) 

Fig 1 The Pain Threshold-raising Effect of 0 0005 


Gram of Mohfhine Sulphate on Two Subjects 
A third subject received sterile saline Points X and 
O represent the pain threshold elevation after 00005 
gram of morphine sulphate , •, the effect of sterile saline 
The ordinate = per cent elevation of pam threshold over 
the control level as zero The abscissa == duration of 
effect 

As can be seen in Figure 2, when the morphine 
was given m quantities from 0 5 mgm to 15 
mgm , the peak of action was reached almost at 
the same time, namely, m approximately 90 min- 
utes With 30 mgm , however, the peak effect 
was not reached until 150 minutes after adminis- 
tration The duration of action from control 
threshold back to control threshold varied from 3 
hours m the case of 0 5 mgm amounts to some- 
what over 7 hours m the case of 30 mgm amounts 
The 0 1 mgm amount of morphme sulphate was 
apparently without any threshold-raising action 
Comment The time-action curves of Figure 2 
can be analyzed, as regards the amount of agent 
given, m three ways 

(1) the maximum height of the pam threshold- 
raising effect, (2) the length of the period of 
effectiveness, and (5) the total thresold-rais- 
ing action of the agent 

The maximum height of the threshold-raising 
action was obtained from the highest part of each 
time-action curve 

The length of the effective period was taken to 
be the elapsed time between the injection and the 
return of the threshold to the pre-mjection level 
The total threshold-raising action of the agent 
was computed by multiplying the duration m hours 
of effect by the average per cent above the control 
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Fig. 2. Tiioc ajction Cukvm for Mowhu^b Solphati 
Pam thmhold cJevabon after morphine sulphate m quantities of OOOOl ffram to 
0.030 Bram. The ordinate =* per cent elevation of pain threshold over the control level 
as lera The abscissa “= duration of effect The O Indicates the tune of mjeebon 
of the morphine sulphate. Each point represents the average of the threshold levels 
for 3 subjects. 

level The latter figure was derived fay taking the amounts greater t h a n 15 mgm the increase m 
average of all the individual percentages repre- threshold raising effect wth quantity becomes 
aented by pomta on the curve of Figure 2 This progressively less Thus, doubling the amount of 
13 represented by the area under each time-action agent t e , from IS mgm to 30 mgm., increases 
curve, the threshold-nusmg effect less than 20 per cent. 

It will be seen. (Figure 3) that the maximum The curve m Figure 3 may be considered m three 
analgesic effect in terms of quantity is a straight parts (i) The abrupt change in the curve between 
line function from 0 5 mgm. to 15 mgm For 0 1 mgm. and 0 5 mgm. suggests that the tmiramJ 
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MAXIMUM THRESHOLD RAISING EFFECT 


100-% 



Fig. 3 The Maximum Pain Thheshold-kaising Effect of Morphine Sulphate 
FOR Quantities from 0 0001 Gram to 0 030 Gram 
The ordinate == per cent elevabon of pain threshold over the control level as 
zero The abscissa == quanbty of morphine sulphate admmistered. 


efifective amount of morphine is approximately 
0 5 mgm (0 007 mgm per kgm body weight) 
It IS to be observed that this is less than 1/100 of 
the minimal effective dose reported by Eddy (6) 
and his assoaates ( 10) who used the cat as a test 
object (2) The portion of the curve between 0 5 
mgm and 15 mgm shows the threshold-raising 
effect to be m direct proportion to amount ( 3 ) 
The latter portion of the curve (beyond IS mgm ) 
suggests a condition analogous to a chemical 
saturation, that is, the effect is not increased by 
increased concentration of one of the reacting 
agents On this basis the satiirabon ’’ quanbty 
of morphme sulphate, or the smallest amount with 
which the highest threshold-raising effect is at- 
tained, IS close to 30 mgm The “ saturabon 
level, or the highest threshold-raismg effect of 
which the drug is capable, is 100 per cent above 
the control threshold This is m the range of 
bssue injury and bhsters ivere regularly produced 
without pain m these experiments Should in- 
creasmgly larger quanbbes be adnumstered, fur- 
ther threshold-raising effect, probably with uncon- 
saousness, could be anbapated Such amounts, 
however, were beyond the pharmacological range 
and the scope of this study 

The durabon of threshold-raismg effect in- 
creases with the amount given from 0 1 mgm to 
30 mgm (Figure 4) However, the rate of in- 
crease \vith amoimt becomes progressively smaller 


so that doubhng the quanbty from 15 mgm to 30 
mgm causes only 5 per cent increcise in the length 
of the effecbve period This means that 30 mgm 
was rendered ineffecbve almost in the same length 
of time as 15 mgm so that the rate of essential 
eliminabon must proceed more rapidly with the 
larger amounts Again, there is to be observed 
an abrupt change m the direcbon of the curve 
between 0 1 gram and 0 5 mgm , mdicabng a mini- 
mal effecbve dose between these amounts 

The relabon of total threshold-raising action to 
amount is shown m Figure 5 There was a direct 
proporbon between effect and amount up to 15 
mgm Doubling this amount, however, increased 
the total acbon only 25 per cent 

The time-action curves for all amounts studied 
were of a simple type, that is, the level of the 
threshold-raising effect rose with bme unbi a 
maximum was reached and then descended rela- 
bvely smoothly to the control level The highest 
threshold-raising effects for amounts from 0 5 
mgm to 15 mgm occurred at the same tune The 
fact that 30 mgm had its maximum threshold- 
raismg effect 1 hour later than the lesser amounts 
indicates mhibibon of the effecbve absorpbon^ 

2 The words effective absorpbon are meant to include 
all the processes occurrmg between iniection and the pro- 
duction of analgesia. Essential elimination is used to 
mean the rate at which the agent is rendered ineffective 
as an analgesic. 
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DURATION OF THRESHOLD RAISING EFFECT 



Fia 4 The Relation Between Duration or TmtEsnoLo-iAiaiNO Ettect (Ordinatk) and 
THE QuANTITV or ilOEPHINE SoLPHATE AoUINISTEBlD (AbsCTESA) 


TOTAL THRESHOLD RAISING EFFECT 


400-HOURS PERCENT 



Fig. S Thi Relation Beiaveen the Total THUESHOLo-EAisiNa Eifect and the 
Qoanxjtv of Mokphine Sulphate Adionistired 
Tbc ordinate was computed by multiplying the average per cent me m pam 
threshold by the hours of duratxoa of effect resulting from a given quantity of morphme 
sulphate. The absossa represents quantity of morphine admmistcrccL 
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after the larger quantity It would appear fur- 
ther that the essential ehmination has actually 
been accelerated m this instance since the effective 
period of threshold-raising %vas only 5 per cent 
longer than that for one-half this amount, or 15 
mgm 

Morphine sulphate Psychological effects, ob- 
servations In addition to the nse in pain thresh- 
old, the admimstration of morphine resulted in 
relaxation, freedom from anxiety, lethargy, 
apathy, and difficulty in mentation Outstanding 
was the freedom from anxiety and feelmg of con- 
tentment The pain threshold-raismg action was 
not closely related m time to these psychological 
changes, the latter effects outlasting the threshold- 
raising action by many hours 

After the admimstration of morphine in 
amounts from 5 mgm to 30 mgm , the following 
effects were observed in varying degrees, depend- 
mg on the quantity given Withm 3 to 4 minutes 
after the mjection the subjects became aware of 
feelmgs of muscle relaxation about the extremi- 
ties, the neck, and the back This was soon fol- 
lowed, approximately 5 minutes after injection, by 
’ « ^es in mood or attitude Thus, the subjects 
before mjection were alert and preoccupied with 
technical problems assoaated with the progress of 
the expenment and its successful culmination 
After injection all seemed to be going well Time 
between readings, which formerly seemed long 
and tiresome, became short and pleasurable 
Loquaaty was evident withm a half hour after 
the mjection Conversation was agreeable and 
steady without push Anxieties or dilemmas not 
concerned with the expenment also seemed to be 
readily soluble, and antiapation of events immedi- 
ately to follow the expenment was free from con- 
flict This change in attitude ^vas maintained for 
the next 2 to 3 hours 

This freedom from anxiety or " contentment ” 
Avas assoaated ^vlth a constructive attitude toward 
the problems at hand Fears, inhibitions, and 
doubts were reduced Discriminations and dea- 
sions became easier The mood changes were also 
descnbed as “ good humor,’* “ euphona,” “ pleas- 
urable relaxation,” and “ exhilaration ” 

After about 30 minutes, attention, retention, 
and concentration became more difficult as did 
clear, logical or contmuous thinking Such diffi- 
culties m mentation contmued for 3 to 4 hours 


Commonly, freedom from anxiety was assoa- 
ated with and followed by apathy There was an 
increasing indifference to situations and deasions, 
with little concern about either difficulties or op- 
portunities As a mamfestation of apathy, the 
attitude toward vomiting experienced with the 30 
mgm quantities was instructive The vomiting 
was repeated and violent and was associated with 
no more emotional reaction than would ordinanly 
accompany nnsing the mouth or swallowing 

Lethargy outlasted the above effects and was 
present often for as long as 24 hours Toward 
the end of this time it ceased to be accorapamed 
by a mood which made acceptance or indifference 
possible Apparently, m reaction to a decreased 
effectiveness, the subjects expenenced anno3rance, 
impatience, and resentment Such states became 
mamfest sometimes as soon as 4 hours after in- 
jection and persisted for 24 to 72 hours The 
extent of the over-irntabihty was conditioned by 
the subject’s awareness of his defects and by the 
stress to which he was exposed When, dunng 
this penod following the expenment, he was in a 
relatively neutral environment with few deasions 
of importance confronting him the mood reaction 
was of a less distressing nature When, however, 
he was confronted with major decisions and either 
failed to recognize or make allowances for his 
lowered effectiveness, this penod of 24 to 72 hours 
after the morphme injections was one of mcreas- 
mg tension and depression Moreover, when the 
post-morphine penod came just before menstrua- 
tion, depression and tension were sometimes ac- 
centuated and ^prolonged 

Other morphme effects “ FuU-headedness ” or 
headache was repeatedly expenenced by 2 of the 
subjects about 5 mmutes after the mjection 
These head sensations were gone within a half- 
hour, sometimes recumng 12 hours later Feel- 
ings of faintness, and hght-headedness ” had 
their onset and termination withm a half-hour of 
the injection Unsteadiness of gait was noted 
within a half-hour of the injection and was short- 
hved 

Itching of the nose was a complaint of 2 of the 
subjects The symptom had its onset between 1 
and 2 hours after the injection, and lasted from 2 
to 4 hours Itching elsewhere (pubic region) 
occasionally occurred 

Dimming of vision assoaated with reduction in 
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the size of the pupil ^va3 observed withm a half- 
hour of the injectioru Slight constnction of 
pupils without dmimmg of vision could still be 
seen 10 to 14 hours after the injection 
Nausea had its onset charactcnstically within 10 
minutes after the injection and wth smaller 
amounts disappeared withm a half-hour After 
large quantities of morphine it recurred m 
** waves " for 2 or 3 hours after the injection and 
with 30 mgnu persisted for 8 hours \vith vomiting 
which was repeated and vigorous 
The administration of 30 mgm of morphine 
sulphate produced, in addition to the changes de- 
scribed above, a state akin to prostration. Pallor, 
loss of initiative, nausea, vomiting, SAveatmg, 
weakness, and unsteadmess of gait were the domi 
nant features Three mgm of dihydroniorphi- 


none hydrochloride (** Dilaudid ’) had a similar 
effect 

Codeine phosphate Observations Codeine 
phosphate was injected intramuscularly m amounts 
from 15 mgm to 120 mgm The time-action 
curves for this agent are sho^vn m Figure ^ As 
m the case of raorphme sulphate, the maximum 
threshold raising effect was readied at approxi- 
matdy the same tune for all the aforementioned 
quantities, t o about 90 minutes The duration 
of action vaned from 3 hours with doses of 15 
mgm to somewhat more than 5 hours after 120 
mgm. The minimal effective quantity of codeme 
was not determined 

Comment The maximum pam threshold rais- 
mg effect of this agent was proportional to the 
amount administered up to 60 mgm (Figure 7) 
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Fia 6. Pain Tjelhjeshold Exxvation Arm Quantities op 0 60 Giam and 01120 Geau 
OP CoDEure Phosphate 

The ordinate — per cent elevation of pam threshold over the control level as zera The 
«= duration of effect Each point represents the average of the threshold level in 
3 subjects. 
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MAXIMUM THRESHOLD RAISING EFFECT 
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MGMS CODEINE PHOSPHATE 

Fic 7 The Maximum Threshold-raising Effect of Codeine Phosphate for 
Quantities from 0015 Gram to 0240 Gram * 

The ordmate = per cent elevation of pain threshold over the control level as zero The 
absassa quantity of codeine phosphate administered 



60-% MULTIPLE INJECTIONS 

X CODEINE PHOSPHATE 



Fig 8 The Effect on the Pain Threshold of Repeated Injections of Codeine Phosphate, 0 060 Gram, 

AT 80-Minute Intervals 

The ordinate = per cent elevation of threshold above the control level as zero The abscissa = duration of 
eflFecL The points •, X, O represent the individual threshold levels m 3 subjects 

♦ 0240 gram gi\en m four mjections of 60 ragm. each, 80 mmutes apart 
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(092 mgm per kgin body ’waght) resulting in a 
nse of 45 per cent to 50 per cent alxive tlie normal 
thrcsliold Adnnmstration of double this amount, 
or 120 mgm , caused no further nse in threshold 
Therefore, 60 mgm may be considered the satu 
ration quantity for codeine and a 50 per cent nse 
m threshold above the control may be considered 
its saturation level 

To test the concept of ** saturation ” level and 
quantity, the following questions were posed 
After the administration of 60 nigni. of codeine 
phosphate, when the pain tlircshold Iiad been 
raised to the established maximum effect of ap- 
proximately 50 per cent above the control level, 
WTJuId a second injection of 60 mgm, raise tlie 
level furtlicr? Would the action of the second 
60 mgm, start from this high level, or would it 
have no influence on the pain tliresliold other than 
to maintain it at the level which liad been reached 
by tlie first 60 nigm ? 

Observation Figure 8 shows tliat despite 
three attempts to raise the tlircshold above tlic 
previously attained maxinium of about 50 per cent 
through the addition of 60 mgm of codeine at 80- 


nunutc intervals, no further elevation was ob- 
served The threshold raising effect was not m- 
creased beyond tliat produced by the first 60 mgm 
injected The threshold returned to the control 
level 4 hours after the last injecUoa 

Comment The above expenment demonstrates 
tlie validity of this concept of a ' saturation’* 
quantity and level, and shows that the only e^ct 
of addibonal amounts as regards threshold-raising 
IS to prolong the actiom As in the case of mor- 
phme, increasingly larger quantities ultunatcly 
could be anticipated to have further threshold- 
raising effect but again such amounts would be 
beyond the pharmacological range 

The total threshold raising action of codeme, 
shown m Figure 9, mcrcased proportionally up to 
60 mgm Thereafter, mcreasmg the quantity in- 
creased the total action far less Moreover, vom- 
iting and prostration were expcncuced with 120 
mgm 

Figure 10 shows the relationship between the 
duration of action and quantity of agent Al- 
tliough the data are not so regular as they are for 
morphine, the relationship between these factors 


TOTAL THRESHOLD RAISING EFFECT 


^ HOURS PERCENT 



MGMS. CODEINE PHOSPHATE 


Fig. 9 The Relation BmviSN the Totai. Thsishold-eaisino Emcr and the 
Quantity of Coohne Phosphate Administered 
The ordmate wa* computed by multiplying the average per cent nse m pain 
threshold by the hours of duratioa of effect resulting from a given quantity of codeme 
phosphate. The ahsossa represents the quanUty of codeme admimstcreA 
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DURATION OF THRESHOLD RAISING EFFECT 


6 HOURS 



Fig 10 The Relation Between Duration of Threshold-raising Effect (Or- 
dinate) AND THE Quantity op Codeine Phosphate Administered (Abscissa) 


IS similar For codeme the “ saturation ” quan- 
tity IS approximately 60 mgm 

Inspection of the time-action curves for mor- 
phine and codeme reveal (1) The height of 
" threshold-raising action which can be obtained 
vith codeine is limited to about one-half that of 
morphine (2) The bme-acbon curve of anal- 
gesia for morphine sulphate revealed that essenfaal 
elimination increased at a constant rate with quan- 
tities up to 15 mgm However, with larger quan- 
tities of the agent there was acceleration of the 
rate so that duration of effect with 15 to 30 mgm 
of morphine was about the same The time-action 
curve of threshold-raising for codeine phosphate 
revealed essential elimination at a constant rate up 
to 60 mgm With larger amounts within the 
range here studied, there was acceleration of the 
rate, as in the case of morphine (5) The psy- 
chological effects produced by morphme and co- 
deme are qualitatively similar, although morphine 
IS capable of producmg greater effects than 
codeme 

Eddy (6) and his co-workers (10), on the 
basis of most painstaking studies, have compared 
the action of vanous opiates with one another 
upon cats Thus morphme was said to have ten 
times greater analgesic action than codeme Such 
a statement unfortunately does not indicate the 
difference m the degree of threshold-raising that 
can be mduced by the two agents with different 


amounts as assayed here For example, in man 
2 mgm of morphme raised the pam threshold 20 
per cent, whereas it required 15 mgm of codeme 
to raise the threshold a similar degree Again, 
60 mgm of codeme were necessary to raise the 
threshold 50 per cent, whereas only 8 mgm of 
morphme were required On the other hand, IS 
mgm of morphme raised the threshold 75 per cent 
but no amount of codeine within the pharmaco- 
logical range can raise the threshold to a degree 
equal to 15 mgm of morphine It may be that 
the discrepancy between these results and those of 
Eddy IS centered about the difference m sensitivity 
of the methods of assay 

Several other well known derivatives of opium 
and combinations were tested to detenmne if they 
possessed more effective pam threshold-raismg 
qualities or other advantages over morphme or 
codeine 

Dtkydrofnorphtnone hydrochloride C* Dtlau- 
did** {Bilhuher Knoll')') Three mgm of this 
agent (7) were given intramuscularly to 2 sub- 
jects The psychological effects were pronounced 
and the pam threshold-raising action dramatic 
At the peak of its action the threshold was raised 
somewhat over 100 per cent (Figure 11) This 
effect was approximately the same as that observed 
after the admimstration of 30 mgm of morphme 

Lethargy was pronoimced and there was re- 
peated vomiting The psychological effects were 
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Fig. 11 Tm Pain Thrmholi> Elevation RsauLTiNa ntou thi 
Aduinisteation oj 0.003 Grau DmvDEOuoaPHiNONE Hymochloride 
("Dilaudid ) 

The ordinate ’=• per cent elevation of pam threshold over the control 
level as aero The absdm = durabon of effect The pohitj O and • 
reprcicnt the threshold levels in 2 sobjccti. 


little different from those experienced after 30 
mgm of morphine sulphate. 

Fantoptum hydrochloride P ant o p on ' 
{Roche) ) Twenty mgm. of Pantopon,” given 
intramuscularly, raised the pam thrciiold about 
35 per cent and the duration of the effect was 5 
hours (Figure 12) Many of the common psy- 


chological and physiological effects of morphme 
were encountered. The threshold raising action 
of 20 mgm of pantopium was equivalent to about 
8 mgm of morphme sulphate. 

Methyldihydromorphtnone ( M e t o p o n**) 
The injection of 6 6 mgm of methyldihydromor- 
phmone (11) had a threshold raising action which 
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PANTOPIUM HYDROCHLORIDE 



Fig 12 The Pain Threshold Elevation Resulting from the Administration of 0020 Gram 
Pantopium Hydrochloride (“ Pantopon,” Roche) 

The ordinate = per cent elevation of threshold above the control level as zero The absassa = 
duration of effect The points O, X, • represent the individual threshold levels m 3 subjects 


\vas comparable to approximately 30 mgm of mor- 
phine sulphate The peak effect was attained m 
about 90 rmnutes and remained at a level of ap- 
proximately 90 per cent above control threshold 
for 1% hours, after which the threshold gradually 
lowered, reaching the control level in about 7 
hours after admimstration (Figure 13) 

Vomiting began 2 hours after injection and oc- 
curred mtermittently for the next 2 hours Con- 
stncbon of the pupils was noted within 10 mmutes 
of the injection and persisted for at least 10 hours 
The symptoms of prostration, as descnbed with 
30 mgm of morphine, were present 

Psychological effects were first mamfested 
within 10 minutes of the time of injection They 
began with feelings of “ light-headedness,'' relaxa- 
tion, and fullness in the head The freedom from 
anxiety and feelings of contentment bordenng on 
euphona, charactenstic of morphine, soon fol- 
lowed Time sense was shortened The mood 
alteration persisted for about 2 hours, after which 
followed lethargy and a state bordenng on pros- 
tration As demonstrated by the abihty to retam 
numerals, concentration and retention were dis- 
turbed Four hours after the injection there was 


still lethargy and indifference to intermittent vom- 
itmg The subjects were unable to differentiate 
these effects from those which were expenenced 
with 30 mgm of morphme sulphate or with 3 
mgm of dihydromorphinone hydrochlonde (‘‘Di- 
laudid ") However, the sequelae of methylde- 
hydromorphmone were of shorter duration, and 
24 hours after the injecbon no after-effects were 
noted 

Morphine with scopolamine The combination 
of morphine sulphate and scopolamine hydro- 
chlonde (in amounts of 8 mgm and 0 4 mgm , 
respectively) was injected mtramuscularly The 
pam threshold-raising effect of morphme was not 
increased nor was the duration of action pro- 
longed as a result of the addition of scopolamine 
Indeed, the pain threshold-raising effect was less 
than was obtained with an amount of 8 mgm of 
morphme sulphate alone All the usual physio- 
logical and psychological effects of morphme were 
present and the following appeared m excess dry 
mouth, unsteadiness of gait, difficulty m accom- 
modation, dry smarting eyes, difficulty in menta- 
tion, and lethargy The combination may have 
assets as regards the induction of sleep or relaxa- 
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tion but its tlireshold raising action is not superior 
to that of morphine aJone. 

Comment Tlie inferences from these expen- 
ments concerning the assay of thresliold raising 
effects of opium denvatives might be enbazed on 
tile basis that tlicy represent the action upon only 
one type of pain, namely superficial pam \vitli its 


burning, tingling, pnekhng, or “bright” quahty 
and tliat tliey may not be vahd for deep pain of 
tile aching or cramp vanety Such a enbasm is 
unjustified smee the results obtained from deep 
pam induced by a balloon that distended the duo- 
denum were not unlike those desenbed above. 
The similanty between the effect of drugs on these 


\oo% 



Fia 13 Th* Paik Thumhocd Elevation Resoltikc nou m* ADUitnaruATioN 

OP 6 j 6 McM METHYLDIHYIUlOMOaPHINOire ( MiaOPON ") 

The ordmate — per cent dcvaUoo of pam thrcdiold over the control level as xcra 
The abjema « duration of effect Each point rcpreicnU the average of the threshold 
levels m 3 subjects. 
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two types of pain indicates that the results de- 
scnbed would hold equally well for all types of 
pain 

SERIES n 

The aim of the first senes of expenments was 
to demonstrate the threshold-raising action of 
morphme and its more important denvatives 
The expenments were done with as few comphca- 
tions as the situation permitted, and pam and sleep 
were espeaally avoided In the following expen- 
ments prolonged pam was mtroduced as a vanable 
smce m this way the action of morphine could be 
appraised more nearly in terms of its common 
therapeutic use 

Method In the manner descnbed above the pam 
threshold was measured m the 3 subjects To mtroduce 
a umform stimulus of pam the followmg method was 
adopted A sphygmomanometer cuff was applied over 
the upper arm and mflated to 200 mm. Hg pressure. It 
was left m this position for 40 mmutes The subjects 
contracted the muscles of the arm slightly and about the 
same amount A gradually mcreasmg, deep, achmg pain 
resulted from such ischemia which began about 12 mm- 
utes after arculatory occlusion and contmued for the 
remamder of the period, becommg progressively worse. 
The pam was described by the subject m terms of m- 
tensity from 1 to 6+ Six + and 8+ were considered 
mtolerable pain. When the cuff was removed there fol- 
lowed 3 mmutes of mtense tmglmg and “ pms-and- 
needles” sensations m the arm and hand. This termi- 
nated the pamful expenence. 

To obviate the mference that the threshold-raismg 
effect was due to the metabolic by-products of such cir- 
culatory occlusion, pam was produced by two other 
methods The first of these produced pam by submersion 
of an extremity m ice water (3® to 5® C) for as long as 
the pam persisted, then withdrawmg and expenencmg the 
pam which followed such submersion. One extremity 
after the other was immersed m this manner for a total 
of 40 mmutes The pam was mtense and almost con- 
tmuous 

The second method consisted of swallowmg a catheter 
to which was attached a balloon which was distended 
with water when it reached the duodenum. The balloon 
was distended until a considerable pam resulted, which 
was then mamtamed for 40 mmutes 

The third method was to compress the trapezius and 
biceps muscles by screw clamps and by manual compres- 
sion until mtense, deep, achmg pam resulted. It was 
necessary to readjust the clamps from time to tune. By 
means of such readjustments and manual compression an 
mtense pam was maintained for 40 mmutes The pam 
mduced by all of the above four methods had quahtatively 
similar effect on the threshold-raismg action of mor- 
phme. The methods differed from each other m the m- 


tensity of the pam which th^r mduced, and m the quanti- 
tative effect on the morphme action. 

After the control readmgs, which preceded the mor- 
phme mjection, the painful procedure was begun (1) 46 
mmutes before mjection, (2) 1 ramute after the mjection, 
(5) 50 mmutes after the mjection, (4) 120 mmutes after 
the mjection Pam-threshold readmgs were made every 
10 mmutes throughout the subsequent 6 to 7 hours The 
results were as follows 

Observations Morphine sulphate Pam in- 
duced early dunng the threshold-raising action of 
morphme and codeine altered the effect and the 
duration of the action The longer the interval 
between the injection of morphine and the induced 
pam, the less effect was there upon the threshold- 
raising action of the agent On the other hand, if 
the pam was induced just before or just after the 
injection of morphme the effect upon the subse- 
quent threshold-raising action was dramatic 

In Figure 14 is represented graphically this 
effect of the introduction of pain on the pain 
threshold-raising properties of morphme sulphate 
Pain was produced m four expenments by a cuff 
wound aroimd the arm as described above In 
the fifth expenment, pam was produced as fol- 
lows In subject H G W by muscle clampmg, 
in subject J D H and H G by ice water, and 
in subject H G by duodenal distention The 
heavy black hne represents the pain threshold- 
raising effect of IS mgm of morphme sulphate m 
3 mdividuals without pam By contrast, it is 
shown that a pam of approximately 40 minutes' 
duration, introduced immediately before injection, 
(curve 5), reduced the pam threshold-raising 
properties of the drug to an almost negligible 
amount, i ^ , to average maximum effects of 7 to 
12 per cent m 6 mdmdual experiments, if mtro- 
duced at the same time as the injection, the effect 
was shortened as indicated in the curve 4 ^Tht 
curve 3 shows the effect when pain was introduced 
50 minutes after mjection, and the curve 2 shows 
the effect when pam was mtroduced 2 hours after 
injection of morphme, when the threshold-raising 
action of the agent was at its peak Pam reduced 
the intensity and duration of the previously de- 
scnbed psychological effects 

Comment It may be seen that pam mtroduced 
immediately before or after the morphine injec- 
tion had greater effect on its pam threshold-rais- 
ing action than that mtroduced later after the pam 
threshold had been raised 
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Fig. 14 Tm Emcr or Sustained Pain (40 Minuted) on the Pain Thheshold-baisinc PaoPErma or 
Mokphine Sulphate (0015 Gsau) 

The heavy blade line, 1 rcprticnts the pain threshold railing effecti of 0 015 gram of morphine sulphate 
m 3 lubjccti without pam. The hghtcr hnci and blocks repraent the following Z Pam 120 minutes after the 
injection 3 Pahi 50 mmute* after the morphine Injection, 4 Pam immediately following morphme injection 
(after 1 mmute) 5, Pam preceding and ending 6 m i nu tes before the morphine sulphate injection. The 
ordinate •=« per cent elevation of pam threshold over the control level as zera The abscissa = duratioa of 
effect. Each curve represents the average of the threshold levels m 3 subjects. 


The reduced effect of the pam on the time- 
action curve when mtroduced after the threshold 
had been raised could not have been due to the 
fact that the subjects at this time perceived the 
pam to a lesser degree Subject H G reported 
a 6-|~ pain from the manometer cuff inflated 120 
minutes after injection, whereas H G W and 
J D H reported only % to l-f- pam The effect 
of the procedure upon the time-action curve was 
exactly the same in all three instances 
The time action curves of morphme shown m 


Senes I revealed hvo characteristics (7) a penod 
during which the morphine is bang absorbed by 
the central neuronal pam mechanisms rcsultmg m 
gradual elevation of the pam threshold, (2) the 
gradual elimination of threshold raising action. 
As the same pamful procedure is more effective m 
reduemg the threshold raismg action the sooner it 
occurs in relation to the time of morphme mjec- 
tion, one may mfer that the essential absorption 
IS affected more than the essential ehminatiod In 
other words if the morphme has had 
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timity to exert its influence upon nerve cells, the 
pain changes the bme-action curve far less 

Observations Codeine phosphate Pain had 
a similar impeding effect upon the pain threshold- 
raising action of codeine phosphate The above 
descnbed (cuff method) expenence of pain was 
introduced shortly after the injection of 120 mgm 
of codeine phosphate The threshold-raising ef- 
fect of this quantity of the agent, as shown m 
Senes I of this communication, was slightly over 
50 per cent at its peak, with the threshold mam- 
tamed near the 50 per cent level for about 2 hours, 
and gradually returning to the control threshold m 
about 6 hours after admimstration After pain, 
the threshold had returned to the control level m 
from 2 to 3 hours (Figure 15) The apphcation 
of a cuff to the other arm m 1 subject for a second 
40-minute penod immediately following the first 

55 -% 


50 ^ 



120 h/KSMS, CODEINE PHOSPHATE 

Fig 15 The Effect of Sustained Pain (40 Minutes) on the Pain Threshold-raising 

Properties of Codeine Phosphate 


The ordinate = per cent elevauon of pain threshold over the control level as zero The ab- 
scissa — duration of effect 1\ W \ ^ == sustained pain (40 minutes) 


had no further detectable effect on the pam thresh- 
old-raising action of codeine As m the case of 
morphine, pam reduced the intensity and duration 
of the characteristic psychological effects 

Comment It is to be noted in Figure 15 that, 
with the mtroduction of pam 9 minutes after the 
mjection of codeine, the threshold-raismg effect is 
probably the result of the induced pain rather than 
the codeine since, as has been shown before, pam 
has such an effect upon the pam threshold The 
initial effect of the codeine during this hour, there- 
fore, cannot be determined directly from this ex- 
penment However, the subsequent threshold- 
raising effect was curtailed, as seen in the swift 
descent of the curve back to threshold level m 
3 to 4 hours 

Morphine sulphate and codeine phosphate re- 
acted similarly to the occurrence of pain dunng 
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their cycle of action. It appears that there is a 
mutual antagomsni between pain and tlie deriva- 
tives of opium That is to say, if the pam pre 
cedes the introduction of the agent, the analgesic 
action of the latter is limited or obhterated 
whereas, if pain is introduced after tlie threshold- 
raising effect has readied its peak, t c , about 90 
mmutes after the mjcction, the effect of the pain is 
less evident 

Further analysis of pain as antagonist of mor- 
phine and codeine analgesia Since the expen- 
ence of pam is assoaated wth mcreased sympa 
thetic activity, and presumably mcreased epme- 
phnne output (13) it ivas considered desirable 
to appraise tlie action of epmephnne upon the 
threshold raising action of morphme It is ap- 
preaated tliat epmephnne bberation would be but 
one of many effects of pam, but it is one that 
lends Itself to experiment 

Observation Three subjects m two expen- 
nients received 10 mgm of morphine in the 6rst 
experiment and IS mgm in the second expen- 
nient Two hours before the admmistratioa of 
morphme 1 cc. of 1 1000 epmephnne ( ' Adren 
aim,' Parke Davis) \vas injected subcutaneously 
in one experiment and intravenously m the otlier 
The latter was given as 300 cc of a 1 300,000 
solution of epmephnne dunng 1 hour Although 
blood pressure and pulse effects of the epmephnne 
had disappeared at the time of morphme mjcc- 
tion the subjects still felt ' tense and exated 

The effect on the threshold nusmg action of 15 
mgm of morphme is seen in Figure 16 The 
iveU-defmed threshold raising action of 15 mgm 
of morphine w'as completely obhterated m 2 of the 
3 subjects In the third subject, the threshold 
instead of being raised about 70 per cent by 15 
mgm of morphme, was raised only 25 per cent- 
This occurred in tlie heaviest of the 3 subjects in 
whom the adrenahn had the least effect as regards 
feehngs of tension and exatement- The psycho- 
logical effects of the morphme were also reduced 
m mtcnsity and duration Similar effects were 
noted m tlie expenment after 10 mgm. of mor- 
phme. 

Comment It is likely that the action of epme- 
phnne m offsetting the morphme effects was on 
the central nervous system since even traces of 
circulating adrenahn show themselves m pulse 
and blood pressure alterations In these subjects 


at the time of morphme injection no such effects 
were observable On the other hand, effects ans 
mg from central stimulation, namely feehngs of 
tension, exhilaration and exatement were pres 
entt It 13 conceivable, therefore, that there had 
been some change m the state of the central pam 
mechanism as a result of the previous epmephnne 
injection making it refractory to the threshold- 
raismg action of morphme. 

The influence of pam and epmephnne on the 
pam tlireshold-raismg action of morphme and 
codeme was not specific m the sense that analgesia 
alone was reduced or obhterated Indeed all of 
the detectable morphine effects were less pro 
nounced and of shorter duration However, the 
threshold raising properties of morphine and 
codeme were profoundly disturbed by pre- or co- 
existing pam and more so than that action respon- 
sible for the altered emotional state. Such effects 
as freedom from anxiety, contentment, and re- 
laxation, though less pronounced were still dearly 
evident This differential effect made it appear as 
if pam had selected one function of morphme and 
spared the others 

Sudi central actions of epmephnne, or agents 
hke it, are not without analogy smee sympathonu 
metic agents are known to reduce the effect of 
anesthetics (14 15) 

The nature of the pain experience and its bear- 
ing on the action of morphine and its derwatwes 
The data thus far considered present an apparent 
contradiction (o) the analgesic action of mor- 
phme and codeine was reduced or obhterated by 
pam, (b) morphme and codeme undoubtedly re- 
duce the distress cxpenenced during pam. These 
seemingly contradictory observations can none- 
thdess be reconciled 

To begm wth consideration of tlie data neces 
sitatcs a formulation of pam which wU mdude 
the two aspects of the pam expenence, 

1 Fain perception The perception of the sen- 
sation of pam 13 to be differentiated from the 
reaction pattern to pam. Pam is a sensation that 
differs from all others havmg its own neural ap- 
paratus and physiological properties and recog- 
nizable because of its umque esthetic quahties. 

2 The reaction pattern of pam The reaction 
pattern of the organism to the sensation of pam 
usually follows promptly the perccpticra of pam 
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130 MINUTES MORPHINE SULPHATE 
BEFORE MORPHINE 

Fig 16 The Effect of the ADinNiSTRATroN of Epinephrine on the Pain 
Threshold-raising Action of Morphine Sulphate 
Dashed line — effect of 0015 gram of morphme sulphate m the absence of 
epinephrine. Sohd lines = effect of 0 015 gram of morphine sulphate after 
epmephrmc admimstrataon. The pomts X, Oi O represent the mdividual threshold 
levels m 3 subjects 


It has many components, including emotional, 
smooth muscle, gland and skeletal muscle expres- 
sions The reaction pattern is, however, inde- 
pendent of perception and may be dissociated from 
it It may, moreover, be modified or even 
obhterated 

It IS the second of these aspects of the pam ex- 
perience which will be further considered here 
A pattern of wthdra^val, flight, fight, and anxiety 
has become closely attached to pam perception 
The perception of heat, sound, or cold resembles 
pam m that they are sensations which have asso- 


aated with them a pattern of response How- 
ever, the pattern of reaction to pain is unlike the 
pattern of reaction to sound, heat or cold in that 
it is more stereotyped, more predictable, and thus 
less readily recogmzed as capable of being dis- 
sociated from perception However, there is a 
genuine distinction between perception and the 
accompanying reaction pattern Such distinction 
is apparent and is easy to comprehend when the 
response is not stereotyped, as for example the 
responses to hght, touch, heat, cold, and smell 
But when, as in the case of pam, there is an inborn 
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aa well as a further elaborated stereotypy devel 
oped from experience the contrast between per- 
ception and reaction may not be so apparent 

The effect upon the subjects* attitude toward 
pain when it was induced for experimental pur- 
poses, without morphine, is relevant Outstand- 
ing facts concerning the pam m these experiments 
were A reahzation that it could be terminated 
immediately if desired, satisfaction in the comple- 
tion of a certain penod of pam for the sake of the 
successful outcome of the experiment and ap- 
preciation that tissue injury ^vas minimal and that 
there would be no untoward sequelae from the 
pam expenenced In other words, the attitude 
toward the pain Avas one of relati%e relaxation, 
mterest, and satisfaction because of its expen- 
mcntal significance. There was complete freedom 
from anxiety Hence, very pamful procedures 
could be tolerated with relative impunity After 
such prolonged penods of pain the subjects ex- 
perienced lethargy, drowsiness, or relaxation that 
could readily have been followed by sleep 

Other instances of similar dissoaation of pam 
perception from the pattern of reaction to pam are 
seen m the followmg 

1 The mdiffercnce to mjury sustamed dunng 
the exatement of games or combat 

2 The absence of reactions to pam when, dur- 
ing the influence of suggestion, hypnosis or cata- 
lepsy, tissue IS injured 

3 The apathy or * quicbsm * that accompames 
tissue damage dunng autosuggestion and during 
religious and mystical practices 

4 The indifference to tissue damage dunng 
sexual excitement 

5 The indifference to pain often "witnessed dur- 
ing partuntion m women who are confident m 
their physidan and desirous of bearing a child 

Such a dissociation of perception of, and re- 
action to, pam may be of many vaneties wth 
varymg degrees of completeness Further the 
individual may or may not be a\vare of such dis- 
sociation For example, m our expcnraental pro- 
cedure there ^vas complete awareness of pam as a 
sensation although it ^vas largely dissoaated from 
reaction In contrast, dunng combat one may 
even be unaware of pam sensation as well as free 
of pam reaction There may be more or less 
denial of pam reaction with repression of vocali- 


zation or flight, yet with many other visceral re- 
aefaons to pam, ihcludmg syncope. In other 
words, the reaction to pam may be dissociated 
from perception m many ways Distinction be- 
tween the two IS essential to an understanding of 
the pam cxpenence. 

Let us consider now the contnbution made by 
opium and its denvatives to our understanding of 
these dual aspects of the pam experience Mor- 
phine, for example, has at least two actions ( 1 ) 
It impedes to a greater or lesser degree the per 
ccptiou of pam (2) it detaches the perception of 
pam from the fight flight anxiety so closely at- 
tached to it It IS this aspect of the morphme 
cxpenence which is vanously described, but which 
13 the common denominator of almost everyone’s 
cxpenence dunng its action Thus, freedom 
from anxiety, contentment, apathy and mdiffcr- 
ence about time are common cxpenenccs Not 
only anxiety but pam itself no longer arouses feel- 
mgs of distress The pam sensation is perceived 
and 13 recognized as pam ivith no difiiculty, but as 
a result of the morphine action there does not fol- 
low thereon the old and well-established reaction 
pattern to pam. In short, the opiates dissoaate 
pam perception from the reaction pattern. 

Experimental data present other instances of 
such dissoaation of perception from reaction 
(16) For example, a dog after considerable 
training developed a fixed response to a strong 
negatively conditioned stimulus a metronome beat, 
which had never been accompamed by food. 
After repeated presentation it abated zero sah- 
vary response m contrast to a bell which had al 
ivays been associated with food and which called 
forth 200-1- cm of saliva. Five minutes after 
the strong negatively conditioned stimulus (the 
metronome) had been presented, the dog was ex- 
posed to the stimulus of a flashing electnc hght 
which had heretofore been constantly accompamed 
by food but which was a weak positive^ condi- 
tioned stimulus When presented by itself, it 
chated a moderate sahvary reaction 150-|- cm. 
of sahva. Now however, when offered so soon 
(3 minutes) after the strong negative stimulus 
the sahvary reaction pattern to the hght was 
abolished and there was no sahva. Four mmutes 
later the hght chated agam 142 on. of sahva. 
There is no doubt that the stimulus ^va3 penoared 
by the dog because with the flashing light t 
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mal turned its head and body toward it In other 
words, although the animal had perceived the light, 
the perception was dissoaated from the reaction 
which that stimulus usually evoked 

It IS possible that in an analogous manner, after 
morphme administration, the subject exposed to 
pain perceives the pain sensation, although the 
pain has been dissoaated from the reaction pat- 
tern which that stimulus evokes The organism 
IS therefore m a state that allows perception, per- 
haps almost as complete as that before the ad- 
irumstration of morphine, but which prevents the 
pattern of reaction from assuming its completed 
form It IS for this reason, possibly, that patients 
exposed to severe cohc pam often state that the 
pain after morphine is not gone but that it seems 
to have no significance 

Further evidence that the threshold-raising ef- 
fect of morphine can be dissoaated from other 
morphme effects is offered by the cat It has been 
shown by Eddy and his associates that the opiates 
produce a predictable threshold-raising action witli 
regard to pam Yet, it is common expenence 
that, after opiates, the cat’s behavior differs 
dramatically from that of man Indeed, frenzy, 
rather than contentment, is a common feature m 
cats 

Cushny (5) mentions that, while a constant 
pam m a patient is alleviated by morphme, a 
suddenly introduced painful stimulus causes the 
patient to be aware of the new pain as though he 
had had no morphme This discrepancy may be 
understood as follows As a result of the mor- 
phme his changed emotional state would make 
him react indifferently to his constant pam Yet, 
smce morphme may not appreciably raise the pam 
threshold m a subject having prolonged pam, he 
might be keenly aware of any new pamful 
stimulus 

Opiates as therapeutic agents The therapeutic 
action of opiates may be considered under three 
categones (I) the threshold-raising action, (2) 
the property of dissoaatmg pam perception from 
reaction m such a ^vay as to free pam of its im- 
plications, and (J) the property of mduang 
lethargy and sleep 

1 Threshold-raising action When opiates are 
admimstered 90 minutes before the introduction 
of pam, their threshold-raising action is consider- 


able and is probably an important part of thar 
therapeutic usefulness This is exemplified by 
the analgesic effect of morphme when admims- 
tered before surgical operative procedures When 
thus given, the saturation ” quantity of codeine 
phosphate is 60 mgm and optimal pam threshold- 
raising effects with morphme sulphate are attained 
with 15 to 30 mgm After larger quantities, 
vomiting and other distressing symptoms often 
result Dunng severe pam of long duration, the 
threshold-raismg action of the opiates is reduced 
and may even be obhterated Under these ar- 
cumstances their therapeutic value is chiefly 
through effects on the reaction pattern to pam and 
sleep-mduang effects 

2 Alteration of the pattern of reaction to pain 
A major function of the opiates is to brmg about 
a change m the pattern of reaction to pam so that, 
although pam is perceived, it does not bnng forth 
the usual responses, such as anxiety, fear, panic, 
withdrawal, and flight For example, m instances 
of intermittent pam, as dunng partuntion, there 
is afforded opporturuty for relaxation and even 
sleep between labor pains With continuous pain, 
the individual becomes more capable of tolerating 
the expenence when it is freed of its imphcations 

Consideration of the therapeutically useful 
quantity and duration of action of the opiates is 
relevant It has been shown that the threshold- 
raising action of the opiates cannot be made to 
exceed well-defined limits regardless of the quan- 
tity admimstered It has also been shown that 
the peak of the threshold-raismg effect is reached, 
regardless of quantity admimstered, m approxi- 
mately 90 minutes after admimstration To what 
extent these values are relevant to the aforemen- 
tioned psychological effects is important But 
cahbration of these quahties is less prease than 
threshold-raising action 

Many of the psychological effects pertaining to 
the pattern of reaction to pam did not have the 
same time-action curves as did the pam threshold 
As descnbed above, therapeutically important psy- 
chobiological effects, other than those of threshold- 
raismg action, were attained within 20 ramutes of 
adnumstration and long outlasted the threshold- 
raismg action of the opiates 

It is a common impression denved from bedside 
expenence that the therapeutic effectiveness of a 
given quantity of opiate can be determined within 
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30 nunutcs of tlie tmie of administration, and if 
the patient is by that time stiU uncomfortable he 
needs more opiate to achieve a satisfactory thera- 
peutic result The vahdity of this position cannot 
at present be challenged The question may be 
raised, however, as to whetlier the psychobiologi 
cal eflfects are maximal at such time, or simply 
pronounced. A doubt may also be expressed as 
to whether amomits greater than saturation ” 
raise therapeutic effectiveness by induang more 
satisfactory effects upon the reaction pattern of 
pain 

Attention may be focussed agam upon tlie fact 
that pam is a potent antagomst of opiate action 
This has been clearly demonstrated as regards 
threshold raising effect, and less precisely, though 
definitely, as regards intensity and duration of 
other psycbobiological effects. It is likely, m an 
analogous way, that pain antagomzes the respira 
tory depressant acbon of the opiates. Therefore, 
if with pain of high intensity larger than the 
aforementioned quantities of opiate should be 
used for therapeutic purposes, and if the p^un 
should spontaneously slop the antagonistic effect 
of pam upon this respiratory depressant action of 
the opiates will be as suddenly dmnmshed, and 
senous toxic sequelae may follow 

3 Induction of lethargy and sleep Lethargy 
and defects m mentation are not the essential com- 
ponents of the action of morphine m rcUevmg 
anxiety, for with barbiturates extreme lethargy 
and difficulty m mentation may occur witli little 
diminution m anxiety Thus, evipal has been ob- 
served to induce wth lethargy an unpleasant rush 
of thoughts \vith reiteration of unresolved per- 
sonal problems and secondanly induced anxiety 
not unlike that of delinum The subject may 
feel fnghtened bewildered and uncertain Fur- 
thermore, lethargy and mentation difificulties may 
accentuate anxiety, possibly because the subject 
feels inadequate to deal wth his problems How- 
ever, when combmed with freedom from anxiety 
lethargy by mducing immobibty or sleep may be a 
therapeutic asset In prebminary experiments, 
sleep has raised the pam threshold 50 per cent 

SUMMARY Aim CONCLUSIONS 

1 Quantitative measurements of the pain 
threshold ivere made by irradiating 3.5 square 


centimeters of skin surface for 3 seconds The 
intensity of radiation, which barely evoked pain 
was denoted as the pam threshold The tlircsh- 
old raising action of vanous opium derivatives 
WTis then ascertained m terras of the normal 
tlireshold Morphine sulphate in quantities from 
0 1 mgm. to 30 mgm , and codeine phosphate m 
quantities from 15 mgm to 240 mgm. were thus 
assayed 

2 The mimnium effective quantity of morphme 
sulphate was 0 5 mgm. The ** saturation ” quan- 
tity or the smallest amount witli which the highest 
tliresliold raising effect ivas attained, was approxi- 
mately 30 mgm The ‘saturation'* quantity of 
codeine phosphate was 60 mgm The ' satura- 
tion ’ level for morphine sulphate, or the highest 
threshold raising effect of which the drug was cap- 
able, 'was 100 per cent above the control threshold 
The saturation ' level for codeme was 50 per 
cent above the control threshold 

3 The maximum threshold raising effect for 
quantities of morphine sulphate in 0 5 mgm to 
15 mgm \vas reached at approximately the same 
time that is about 90 minutes after admuustra 
tion Other opiates tested took approximately the 
same time 

4 The time-action curve of threshold raismg 
effect for morphme sulphate revealed that essen- 
tial ehraination mcreased at a constant rate with 
quantities up to 15 mgm However with larger 
quantities of the agent, there ^va3 2 icccleration of 
the essential chmination rate so that duration of 
effect \vith 15 or 30 mgm of morphme differed 
but shghtly The time-action curve for codeme 
phosphate revealed essential elmimabon at a con- 
stant rate up to 60 mgm With larger amounts 
there was acceleration of essential elimination 

5 The threshold raising action of dihydromor- 

phinone hydrochloride (‘ Dilaudid ' ) (3 mgm.), 
mcthyldihydromorphinone ( ‘ Metopon ") (6 6 

mgm ) and pantopmm hydrochlonde (" Pan- 
topon ') (20 mgm.), was measured. The above 
amoimts of the first two agents had time action 
curves comparable to that obtamed with 30 mgm 
of morphine. On this basis, pantopmm (20 
mgm ) was equivalent to approximately 8 mgm 
of morphine sulphate, 

6 The threshold raismg action of opium denva- 
tives as well as other observable effects, was re- 
duced or obliterated by pam A uniform pam 
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stimulus had a greater neutralizing effect on the 
threshold-raising action of these agents when the 
pain occurred just before or dunng the first 90 
mmutes after administration of the opiate 
Thereafter, pain had less effect on the threshold- 
raising action In other words, if pain preceded 
or occurred early in the course of the action of 
the opiate, it reduced or neutralized the threshold- 
raising effect of these agents 

7 This antagomsm between pain and the 
threshold-raising action of opiates was simulated 
by the admimstration of a sympathomimetic agent 
(epmephnne) before the opiate was admimstered 
It is possible that the heightened sympathetic ac- 
tivity, which IS secondary to pain, is a factor in 
the above descnbed antagonism 

8 In normal subjects the outstanding psycho- 
logical effects of morphine were freedom from 
anxiety, feehngs of contentment and relaxation, 
apathy, difficulties in mentation, lethargy and 
sleep Of espeaal significance were the emotional 
states referred to as freedom from anxiety and 
feehngs of contentment While in these states 
the subjects perceived pam, but the usual reaction 
pattern to pain was altered It is suggested that 
the presence of an opiate accentuates the abihty to 
dissoaate pain perception from the pattern of pam 
reaction It is postulated that much of the thera- 
peutic effectiveness of opiates in the management 
of pam IS based on their abihty to alter the usual 
wthdrawal fight-flight-anxiety reaction pattern of 
pam to one of freedom from anxiety, mdifference, 
or apathy 

9 The therapeutic effectiveness of the opiates 
is dependent mainly on three properties ( 1 ) 
threshold-raising action, (2) the dissoaation of 
pam perception from the usual reaction to pain, 
and (i) the induction of lethargy and sleep 
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The patliogcncsis of von Gierke's disease is not 
known Shortly after the disease ^va 3 described 

(1) , the increased glycogen storage was attnbuted 
to a disturbance of the glycogen sphtting ferments 

(2) This stiraubted studies of the ainylolytic 
activity of the diseased tissues since amylase was 
the only glycogen splitting enzyme known at that 
time. Several mvestigators (3 4 5) found amy- 
lase present in the von Gierke bssue. Our deter- 
minations corroborate these findmgs as may be 
seen m Table I 

TAELS i 

AmylolyUc adtvUy of liter tissue 

nmn m»ltD*e tplit 
^ too menb lUiuc 

SooTc* of tl wi n In 1 Bonr 


von Gterke • disease Com I 2 55 

von Gierke s disease Case II 0 70 

von Gierke s disease Case III 1 70 

Normal Uver (Child) 1 75 

Normal liver (Adult) 1 45 

Fatty liver (AJcohollc drrhosis) 1 02 

Liver from mtieut with elevated 
blood amylase activity 3 10 


Recently Con (6) has shown that the conver- 
sion of glycogen to glucose m the hver results 
from the combined action of a phosphorylase 
which catalyzes the hydrolysis of the glycogai to 
glucose 1 phosphonc aad ester and a phosphatase 
which sphts the ester to glucose and inorgamc 
phosphate, Ostem, Herbert and Holmes (7) 
report similar findings and demonstrate m addi- 
tion that the amylase could not account for more 
than IS per cent of the glycogenolysis m their 
experiments In view of this recently demon 
strated mechanism for the conversion of glycogen 
to glucose m the hver and since the amylolybc 
activity of the hver tissue is probably normal m 
von Gierke's disease, the possibihty of a disturb- 
ance m the phosphory las e-phosphatase system was 
considered 

r Work aided by a grant from the Ro<dcefeIler Foooda 
non the Bingham Aotocutes Food, and the Cbarltoo 
Fund. 

* Emanuel Tibman Fellow 


Liver bssue from three fatal cases of von 
Gierke's disease ivas exammed for its phosphatase 
and amylolytic activity For comparison parallel 
experiments were earned out with tissue obtamed 
from normal hvers and from hvers showmg 
marked fatty change The latter were chosen for 
comparative studies because the abnormally high 
fat content of the von Gierke hver made it neces- 
sary to consider the possibihty of the fat mter- 
fenng with the normal phosphory lasc-phosphatase 
conversion of glycogen The fatty hvers con- 
tained 383, 25, and 34 per cent fat (detemuned 
as fatty aads in dned tissue) The fat content 
of the von Gierke hvers was 52 34, 34.2, and 22 6 
per cent , the corresponding glycogen content was 
27, 127 , and 366 per cent (of the dried tissue 
weight) Total wet weights of these latter hvers 
were 1216 grams, 1063 grams, and 250 grams 
respectively Detailed data concerning the par- 
tition of the hver tissue hpid content will be 
pubhshed subsequently 

The enzyme preparations consisted of dried 
powdered hver obtamed by freezmg (8) The 
final product ivas washed with small portions of 
acetone and dned agam m a desiccator The alka- 
line phosphatase activity was determined by a 
modification of the Bodanslty method (9), usmg 
20 railhgrams of dned hver powder and a 24- 
hour penod for hydrolysis The method was 
also empbyed m determining the aad phosphatase 
activity except that an N acetate buffer (pH 5 0) 
ivas substituted for the alkalme buffer The 
phosphatase values obtained are shown m Table II 

Aqueous extracts of the powdered tissue were 
used m determining the amylolytic activity The 
latter ivas measured with a method desenbed else- 
where (10) Since the method utilizes starch as 
a substrate and a phosphate buffer it may not 
measure the activity of the amylase alone. Even 
though adenyhc aad considered to be essential 
for the phosphorylation reaction (Con), was not 
added the reducing substances measured may 
have included glucose. However, amylolytic ac- 
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TABLE U 

phosphatase acitvity* of liver tissue 


Alkaline 

Add 

Source of tissue phosphatase 

phosphatase 

von Gierke’s disease, Case I 

0 117 

1 176 

von Gierke’s disease, Case II 

0 063 

0 500 

von Gierke’s disease, Case III 

0 250 

1 538 

Normal hver (Child A) 

0 563 

1050 

Normal liver (Child B) 

0 531 

1 163 

Normal liver (Adult A) 

0 425 

2 050 

Normal hver (Adult B) 

0 353 

1 310 

Fatty liver (Sub acute bacterial 



endocarditis) (Child) 

0 350 

2 300 

Fatty liver (Alcoholic cirrhosis) 

0 279 

1 050 

Fatty liver (Infant) (Increased 


glycogen not of von (Gierke ongin) 0 300 

2600 

Patient with elevated blood phos- 



phatase (alkaline) 

1013 

0 750 


* The values represent milligrams of phosphorus split by 
20 milligrams of powdered tissue in 24 hours 


tmty was demonstrated by qualitative iodine tests 
dunng the course of the amylase hydrolysis 
Color changes indicative of the formation of dex- 
trms were obtained 

As may be seen in Table II, the alkahne phos- 
phatase activity of the von Gierke hver tissue was 
defimtely decreased as compared to that of the 
normal livers of children The range of alkaline 
phosphatase activity in fatty livers of both chil- 
dren and adults was somewhat lower than that m 
the normal liver tissue of corresponding groups 
In tissue from a fatty hver which contained a 
relatively large amount of glycogen (8 per cent), 
but which \vas not from a genuine case of von 
Gierke's disease, the alkahne phosphatase activity 
^vas also decreased as compared to that m the 
normal hver tissue of children 

The aad phosphatase activity in each liver ex- 
cept one (liver from a patient who had markedly 
elevated alkahne blood phosphatase activity) was 
greater than the alkahne phosphatase activity 
However, no definite ratio was found, nor was 
any alteration of the aad phosphatase noted m 
von Gierke’s disease 

The identity of the glucophosphatase with the 
alkaline glycerophosphatase has not been defi- 
nitely estabhshed Hexosephosphate is hydro- 
lyzed by bone phosphatase (11) Liver phospha- 
tase sphts glycerophosphate, glucose- 1 and glucose- 
6 phosphate at about the same rate (6) It is 
still uncertain if, m addition, a phosphatase exists 
that specifically dephosphorylates the Con ester 
(7) Deasive information concerning the nature 
of the phosphatases is still lacking 


A disturbance of the phosphatase which would 
leave the glucose-phosphates unsplit and therefore 
available for glycogen resynthesis could result in 
an increased storage of the polysacchande A 
decrease of the phosphatase activity by lowenng 
the amount of free phosphate would also favor 
glycogen storage by retarding glycogenolysis We 
wish to call attention to the lowered alkaline phos- 
phatase activity of the liver tissue in three cases 
of von Gierke's disease as compared to that of 
normal livers of two children A subsequent re- 
port will deal with glycogenetic and phosphory- 
lase-phosphatase glycogenolytic studies of tissue in 
von Gierke's disease, which are now m progress 
Values for total wet weight, total glycogen, total 
fat, and total nitrogen are not available in this 
senes but may be studied in the future in order 
that the enzyme activity may be referred to the 
total parenchymal hver tissue 

SUMMARY 

A report is made of the amylase and phospha- 
tase activity of hver tissue in von Gierke's disease 
with a comparison of the activity of these enzymes 
m normal hver tissue and tissue of fatty hvers 
The presence of amylolytic activity m von 
Gierke hver tissue is corroborated 
The alkahne phosphatase activity of the hver 
tissue m three cases of glycogen storage disease 
was found to be significantly lower than that 
present m normal hvers of two children 

The authors wish to express their thanks to Dr Ken- 
neth D Blackfan and Dr Sidney Farber of the Children’s 
Hospital m Boston and to Dr Elmer Barron and Dr 
Francis MacDonald of the Boston Floating Hospital for 
their cooperation in making the organs of the von Gierke 
patients available for our studies Much of the other 
material was obtained through the kindness of Dr Tim- 
othy Leary 
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In a previous study (1) the excretion and renal 
tubular rcabsorption of vitamn C at normal and 
artifiaally elevated plasma concentrations of the 
vitamm were reported 

Refinements m the chemical determination of 
vitamm C m plasma and unne (2, 3) have made 
It possible to further supplement our previous 
data with observations at the lower ranges of the 
plasma concentration- On the basis of the pre- 
vious evidence it was concluded that the excretion 
of vitamm C at any plasma concentration was 
determmed by the plasma concentration by the 
rate of glomerular filtration and by the rate of 
tubular reabsorption- It was further observed 
that the reabsorptive mechanism \vas limited by a 
maximal rate and that, when the vitamm was 
presented to the tubules by the glomerular filtrate 
at a rate exceedmg this maximum, the excess ^vas 
excreted m the unne- The observations we are 
reporting m this study are concerned wth the na- 
ture of the reabsorptive process ni the lower 
plasma levels of vitamm C In the previous stud 
les the plasma concentrations of the vitamm va- 
ned from 1-5 to 25 mgm- per cent In the pres 
ent study the plasma concentrations vaned from 
0 03 to 2 05 mgm- per cent 

PBOCEDUEE 

Nineteen nonnal indhnduala were used In this itudy 
Oearanccs were detennined at conitant plasma levels of 
the tiUnun, and only one level was studied on any day 
When necessary, vitamin C was given orally the mght 
prior to and the mommg of the expenment m order to 
obtain the desired plasma ooQcentratKra. Fluids were 
forced on the day prior to the test, and on the morning 
of the expenment the subject drank 1000 cc of normal 
sahuc- The first clearance penod started to 2 hours 
after the last dose of water The bladder was cath 
ctensed and washed out with saline. This specimen of 
unne was discarded. The catheter was left wi and 


^■Thls research was aided by a grant from the Joslah 
Macy Jr Foundation. 


damped- At 30 or 60-mInute intervals unne specimens 
were collected and the bladder washed out with salmc 
and air In a previous study it was found (16) that no 
destruction of ascorbic add occurred in bladder unne 
for periods as long as 5 hours. It seemed therefore per 
fcctly safe to allow the unne to collect in the blazer 
for 30- to 60 minute intervals. Bloods were at 

frequent mtcrvals during the dea ranee periods. The 
unnes as collected were immcdiatdy acidified with glacial 
acetic aod and kept in the refrigerator until analyzed. 
No longer than 2 hours elapsed before analysis. Vita 
min C m urine ivas detemuned m the photodectnc 
colonmetcr by the method described by Evdyn et at (2) 
With the Utnmetne method it was difficult to detemune 
the vitamm C dearance at low plasma concentrations dne 
to the mtcrfercnce of rclativdy large amounts of non 
vitamin C reducing substances m the unne. Since vita 
min C is the only known substance which will react with 
dichlorophenolmdopbcnol immediately the Evdyn tech 
mque provides a satisfactory method for distinguishing 
between vitamin C and any non vitamin C-reduang sub- 
stances. Other substances reacting with the dye do so 
at a fairly slow rate. Where very small amounts of 
non vitamm C reducing substances arc present, or where 
large concentrations of ascorbic aod necessitate dilutions, 
then the error in the detenmnation of urmary ascorbic 
acid is of the magnitude of ±2 per cent Where the 
concentration of reducing substances other than vitamin 
C IS fairly large, or where there are very small amounts 
of ascorbic aad present, then the percentage error u 
increased. In pure solutions of ascorbic aod, when the 
concentration ranges up to ZOO mgm. per cent, duplicate 
analyses agree within 003 mgm. per cent, so that, if the 
absolute concentration is 2.00 mgm. per cen^ there is a 
13 per cent error if LOO mgm. per cent, a 3 per cent 
error and If 030 mgm, per cent, a 6 per cent error 
When non vitamin C reducing substances arc present, the 
method of extrapolation reqmred mcxcases this error 
Plasma vitamm C was determined by the method of 
Mindhn aid Butler (3) Wc have found it possible to 
consistently reproduce plasma figures withm Oj04 mgm. 
per cent The absolute magnitude of the error is con- 
stant over the entire range of plasma values. 
Simultaneous mulin clearances were not done m this 
study because the magmtude of the vitamin C clearances 
at these low plasma levels was such that the variations 
in the normal inuhn clearance could not appreciably affect 
the vitamin C/Inuhn clearance ratio. In ralcnlafing the 
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follow from the arcumstance that, m the process 
of active transfer, the substance enters into re- 
versible combination with some cellular element 
present in a hmited and constant amount, and it 
IS the rate of decomposition of this complex which 
limits the progress of the overall reaction of trans- 
fer In the case of vitamin C this situation may 
be represented as follows 

(1) A + B ^ 
tubular cellular 
ascorbic component 

aad 

AB > TV "b B 
cellular distal liberated 

complex ascorbic cellular 

acid element 

Applying the law of mass action to such a situa- 
tion, one may denve the followmg relationship 
(15) 

(2) K = ia- TrIV) » 


where Tm represents the maximal rate of tubular 
reabsorption, V the rate of glomerular filtration m 
umts of 100 cc , a the plasma concentration, Tr 
the calculated rate of tubular reabsorption, and 
K a constant 

In our previous work we attempted to descnbe 
the excretory process according to this hypothesis 
In the apphcation of equation 2, when V, the rate 
of glomerular filtration, was reduced to 100 cc 
per minute, the value for Tm used was 1 77 mgm 
per 100 cc of glomerular filtrate This figure 
for Tm was the average value obtained for the 4 
individuals in the previous study However, Tm 
has been found to vary in normal individuals and 
even in the same mdividual at different tunes 
For example. Smith and his co-workers (6) and 
we m our studies have observed Tm 'values rang- 
ing from 1 20 mgm to 2 10 mgm of vitamin C 
per 100 cc of glomerular filtrate This 'vanation 
in Tm is not only true for vitamin C but also for 
glucose, cLS observed by Shannon (7) 

In Figure 3 the data from the previous study 



Fig. 3 Vitamin C/Inuun Clearance Ratios Plotted against Plasma Concenthation of Vitamin C 

The two lines arc calculated from equation 2 given m the test The dots represent the actual individual 
clearance ratios 
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(1), which included the higher plasma concentra- 
tions of vitamm C, are plotted along with the 
present observations The bvo smooth curves 
were calculated using the following equation 

(3) vitanun C/inuhn clearance ratio = 1 — Tr/a 

The values for Tr were obtained by using equa- 
tion 2 m which the values for Tm were 
ragm./100 cc. and 2 10 mgm /lOO cc. of glomeru- 
lar filtrate , V ^va3 equal to 100 cc per minute and 
K had a value of 001 This value for K was 
taken in preference to the one of 0 1 used m the 
previous study because it defined the reaction 
throughout the entire variation in Tr 

The data obtained at low, normal and high 
plasma concentrations of vitamm C fit this calcu 
latcd 2 one (Figure 3) satisfactonly and indicate 
that the hypothesis upon which equations 1 and 2 
arc based can be used to desenbe the rcabsorptive 
system at all plasma concentrations cxammetL 
The data further suggest (f ) that the vitamm C 
clearance docs not become zero at low plasma 
levels and, if equation 2 does adequately describe 
the system, there exists a minimal value, which is 
mdependent of the plasma level and which is of 
very low magmtude (2) that as the plasma con- 
centration rises and approaches the value for Tm 
the excretion of vitamin C nses rapidly, and (3) 
that at very high plasma concentrations the vita- 
min C clearance approaches the inulm clearance. 

SUMMARY 

Sixty mne observations of the clearance of vita- 
mm C at plasma levels varymg from 0 03 to 2 05 
mgm. per cent suggest that the reabsorption of 
the vitamin is never complete and that the clear- 
ance of vitamm C at the low plasma levels is con- 
stant and mdependent of the plasma concentration. 
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A PHOTOELECTRIC METHOD FOR THE QUANTITATIVE DETERMINATION 
OF ERYTHROCYTE FRAGILITY 

By FRANCIS T HUNTER 

(From the Laboratory of the Baker Memorud Massaohusetts General Hospital^ Boston) 
(Received for publicabon April Z1 1940) 


The method desenbed m most textbooks for the 
determmafaon of the fragihty range of erythro- 
cytes possesses several disadvantages In the first 
place, quantitation is not possible because unmeas- 
ured drops of blood are placed in tubes contaimng 
only roughly cstunated amounts of hypotomc salt 
solution As might be expected, a senu-quantita- 
tive tcchmque of this ^T>e, when apphed to chmeal 
mvestigation, gives grossly irregular fragihty 
curves such as those obtained by Vaughan (1) 
Secondly, since the observed degree of hemolysis 
m any one tube is dependent upon diffusion of 
hberated oxyhcmoglobm through the hqmd above 
the sedimented ccHs, other factors sudi as tem- 
perature, the anticoagulant used, the amoimt of 
bile pigments present in the plasma, and the pres- 
ence of hemolytic organisms may affect the re 
suits erroneously It seemed desirable, therefore, 
to devise for this test a techmque rapid and simple 
enough for clinical application, and at the same 
time sufiiaently accurate for purposes of research. 

Because of the fact that the amount of oxy- 
hcmoglobm hberated by a hypotomc salt solution 
is a direct function of the number of cells hemo- 
lyied, it 13 obvious that a determination of the 
freed oxyhcmoglobm resulting from such partial 
hemolysis may be used as a hemolytic mdex. 
Furthermore, as complete hemolysis results from 
lakmg erythrocytes m a 0 10 per cent solution 
of sodium carbonate (2), it is possible to express 
the hemolysis occurring in a given strength of salt 
solution m terms of total hemolysis Thus, the 
quantitative determination of partial hemolysis m 
any strength of salt solution can be easily made if 
a measured amount of blood is placed m a centn- 
fuge tube co ntaining a defimte quantity of the salt 
solution and, after partial honolysis has been 
completed, the unhemolyxed cells are centrifuged 
off and the oiq^heraoglobm m solution m the au- 
pemafant fiuid estimated by means of a photo- 
elcctnc colorimeter Smee the techmque of the 
latter instrument is well established (2), it need 
not be outUned here. 


METHOD 

Place 1 cc. of a filtered 145 per cent solotloa of sodium 
oxalate in a test tube; Boll over an open flame untl! all 
water and vapor have been driven off With a clean dry 
syringe and needle obtam cxax:tly 5 cc. of blood from 
an arm van and transfer quickly to the prepared test 
tube. Mix at once to prevent clotting 

For the determination of partial bcmolyBii, prepare 
twenty six stock solutions of sodium chloride decreasing 
its strength by 04)2 per cent from 070 per cent to 0J20 
per cent, inclusive. These must be accurately made and 
must be kept m well stoppered bottles. Into one of 
twenty six ^ clean centrifuge tubes transfer exactly 10 
cc. of the 070 per cent salt solution and label and m a 
like manner place 10 cc of the other salt solutions In 
the remaining tubes. V/ith a volumetric pipette trans- 
fer exactly 005 cc of the well mixed oxalated blood to 
each tube, place a rubber cap on each, and mvert several 
times to obtam complete mixing Allow to stand at 
room temperature for at least thirty minutes then mvert 
each tube again, place m a centrifuge, and spm at moder 
ate speed (1500 rpma.) for fifteen mimics. Remove 
the tubes from the centrifuge, carefully decant the 
cupematant fluid from each, and transfer separately to 
clean photoelectnc absorption cells. Using an appropri 
ate color filter make determinations of the light trans 
mission, and read off the grams of oxyhemoglobin from 
a previously prepared photoelectric conversion graph. 

To obtain complete hemolysis place 10 cc of a 0 1 per 
cent solution of sodium carbonate in a test tube and 
transfer to it exactly 0j05 cc of the same blood and mbc 
immediately Fill a photoelectric absorption cell with 
this solution, and m a similar manner determine the 
grams of oxyhemoglobin present. If the Utter figure b 
low more accurate results may be obtained by using 0 1 
cc of blood both m the sodmm carbonate and m the 
hypotomc salt solutloa tubes. 

CaicuJaiion. Divide the number of grams of oxy 
hemoglobin resulting from hcmolyib m each centrifuge 
tube by the number of grams obtained from complete 
lakmg with sodium carbonate These figures represent 
the per cent of total hemolyib occurring m each strength 
of salt solutioo. 

Plotting of curves On rectangular coordinate paper 
mark off the salt solutions in order of decreasing strength 
along the abdssa, and the per cent hemolysis m Increas 
ing order along the ordinate Plot the per cent hcmoly- 


I In respect to a particular blood. If some Idea b ob- 
tained beforehand of where bemolysb b apt to begin, 
the number of solntions may be reduced in number 
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SIS for cadi salt solution and connect the points m a 
continuous curve. If the technique has been carefully 
earned out, the curve will ordinanly be sigmoid m char- 
acter--that is, convex toward the base at lower per- 
centages, and convex upward as hemolysis nears comple- 
tion. In some instances, particularly in the case of 
bloods showing increased fragility, the curve may show 
more than one maximal slope. The significance of this 
occasional variation from the usual curve, however, is 
by no means clear and requires further investigatiotL 

DISCUSSION 

Sigmoid curves such as these represent the first 
integral of curves of the probability typt, or, m 
other words, the plotted first differentisd of such 
sigmotd curves gives the probabiUty-distnbutiou 
of the erythrocyte f ragihty of any particular blood 
for varying strengths of salt solution As has 
been shown by Ponder (3), when the per cent of 
total hemolysis is plotted against time, various 
hemolytic agents give typical sigmoid curves 
Moreover, if one plots Ponder's values for the 
per cent hemolysis produced by varying concen- 
trations of a lysm at a given time interval after 
lysis has begun, it can be demonstrated that each 
of the resulting curves is also sigmoid m char- 
acter One can affirm, therefore, that hypotonic 
solutions behave m this respect like other lysms 

The curve of normal hemolysis m Figure 1 was 
derived from f ragihty determinations of the 
er 3 rthroc 3 rtes of twelve normal individuals The 
per cent hemolysis for each strength of salt solu- 


tion was first averaged for the twelve bloods, and 
these averages were then plotted on anthmeUc 
probability paper (Figure 2) (4) In general, 
the points fell on a straight diagonal line, and 
those not so doing exhibited only small deviations 
to either side Thus, after taking from the 
probability coordinate corrected points for the per 
cent hemolysis for the salt concentrations in ques- 
tion, the nonnal curve was constructed on rec- 
tangular coordinates as shown 
It will be seen that nonnal blood shows less 
than 2 per cent hemolysis m 0 50 per cent salt 
solution and reaches a maximal hemolysis at 0 34 
per cent If every blood showed an equal devia- 
tion from the mean fragility, all curves, of course, 
would be parallel to each other regardless of their 
position m respect to the abassa That this does 
not occur is obvious, and hence it is impossible to 
construct a whole curve from the determination 
of the per cent hemolysis produced by a smgle 
concentration of salt Nevertheless, by using 
only three appropnate streng^ths of salt (vtz 0 52, 
042, 032 per cent), the position of any curve 
can be approximated with minimal effort, and for 
most climcal purposes this should suffice 
In Figure 1 the curve beginning at high salt 
concentrations represents a case of hemolytic 
jaundice, while the two lying to the nght of the 
nonnal curve exemplify the f ragihty range of a 
case of Cooley’s anemia and of a case of chronic 
benzol poisoning Curves have also been ob- 
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Fia 2. PiR CiNT Hemolysis Plotted on Pkobability Pateh Against Strength of 
Salt Solution 

ThcM polnU reprcent the »verw bemolyjlj m 12 normal mdmdnaU for varying 
salt itrengthi 


tamed from additional cases of hemoljrtic jaundice 
and from various other disorders of the hemato- 
poietic organs but, since these showed the same 
general pattern it did not seem worth while to 
reproduce them here. 

For rliTTiral puiposcs it has been found that m- 
crcased fragihty can be easily ruled out by plac- 
ing 0 05 cc. of blood in 10 cc. of 0 50 or 0 52 per 
cent solution and centrifuging if the super- 
natant fluid shows no evidence of hemolysis to 
the naked eye, the fragihty is normal or less than 
normal. It has also been observed that, due to 
the high dilution of blood (1 200) here cm 
picked when the total oNyhcmoglobm of the 


whole blood is near normal the presence of an 
ictcnc mdex even as high as 100 raises the oxy- 
hemoglobin values hy only 4 or 5 per cent But 
when the oxyhemoglobin content of the blood is 
markedly decreased, the presence of any consider- 
able degree of jaundice introduces an error suf- 
fiaent at tunes to warrant replacmg the plasma 
with OBS per cent salt solution before the test for 
fragihty Is undertaken 

SUMMARY 

1 A photoelectnc method for 
erythrocyte fragihty is desenbetL 
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2 The sigmoid curves obtained by this tech- 
nique represent the first integral of the probabihty- 
distnbution of fragility in respect to concentration 
of salt 
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ON THE INACTIVATION OF THROMBIN BY PLASMA PROTEIN 


By JOHN D STEWART and a MARGARET ROURKE 

(From iht Swrgxcal Lahoroiorits of thi Harvard Medical School at the Massachusetts 
General Hospital Boston) 

(Received for jmblication May 1, 1940) 


It has been know for many years that an 
excess of thrombin is formed dunng the clotting 
of blood or plasma^ that the excess is rapidly m- 
activated, and that such inactivation is important 
m mamtairnng normal fluidity of the blood (1) 
Considerable attention has been given to the ques 
bon of what happens to the excess of thrombin, 
but bttJc conclusive mfonnabon has been obtained 
concerning the phenomenon Quick, in a study 
of the mode of acbon of hepann m preventing 
coagulation obtained evidence supporting the 
opimon of early workers that the property of in 
activating thrombm resides m the plasma protein, 


and specifically m the albumin fraction (2) The 
present report deals with a study of the rate of 
inactivation of thrombm m vttro by plasma pro 
tern and vanous fractions of plasma protem. 

MffTHODS 

The bunun and beef plasma samples used in this study 
were prepared by adding one part of per cent 
Kj (^04 solution to seven parts of fresh blood and cen- 
trifuging immediately A potent thrombin solution was 
prepared from beef p l as ma by the method of Eagle (3) 
The thrombm solution was ampolcd and preserved m a 
cold box at — 40 C. and, except for the experiments 
of Figures 2 and 6, the same lot was used throughout 



Fio. 1. Thrombin Inactivation Study Ox Pia4MA at 37 C. 

Curve L 2.0 cc. thrombin solution plus 0.2 cc. ox plasma incubated, 02 cc. mixture added to 
0 4 cc.6bnnogcn solution. Curve 2. 2.0 cc thrombm solubon plus 0.2 cc. fibrinogen solution, 02 cc. 
mixture added to 04 cc fibrinogen solution. Curve 3. 20 cc thrombm solu^ plus 02^ fitm 
nogen solution, 02 cc mixture added to 0.4 cc ox plasma. Carve 4 ZD cc. thrombin solution plus 
02 cc ox plasma, 02 cc mixture added to 0.4 cc ox plasma. 
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the study No loss of strength was noted, and 01 cc. 
of the thrombin solution clotted 0 5 cc. of human plasma 
m 10 seconds The total mtrogen content of the throm- 
bm solution was 77 mgm per cent Fibrmogen solution 
was prepared from beef plasma by adding onc-third vol- 
ume of saturated (NH 4 ),SOt, ccntrifugmg, dissolvmg the 
prcapitate m 09 per cent NaCl solution, and subsequent 
rcpreapitation twice. The (NH 4 )aS 04 was removed by 
dialysis against 09 per cent NaCl solution, and the final 
volume of the fibrmogen solution was about one-third 
that of the original plasma. The horse serum and frac- 
tions of horse serum protein studied will be described 
below 

The measurement of the rate of inactivation of throm- 
bm by the protein solution under study was made in every 
experiment as follows Two cc. of throrabm solution 
were placed m a serological test tube in a water bath at 
37® C and 02 cc of the solution being tested was added. 
The clot which formed when plasma or fibrmogen solu- 
tion was added was rolled out and it was found to make 
no difference whether the fibrin pellicle was left m the 
mcubating mixture or not At various intervals 02 cc 
of the mcubatmg mixture was withdrawn and combmed 
with 0 4 cc fresh human or beef plasma or fibrmogen 
solution, and the clotting time was measured with a stop- 
watch The determination thus consisted of the measure- 
ment of the residual thrombm by noting its power to clot 


a standard substrate As previously shown (4), a stnet 
linear relationship between thrombm concentration and 
clotting time under these circumstances docs not exist, 
but for the purposes of the present study this assumption 
may be made with httle error 

PRESENTATION OF DATA 

In the expenments on which Figure 1 is based, 
the inabihty of fibnnogen solution to inactivate 
thrombm is brought out In curves 2 and 3 fibn- 
nogen solution was added to thrombm and im- 
mediate clotting resulted Nevertheless no inac- 
tivation followed In curves 1 and 4, by contrast, 
the inactivating power of plasma is well shown 
In the test for residual thrombm the fibnnogen 
solution dots umformly more slowly than does 
fresh plasma 

Figure 2 shows composite inactivation curves 
obtamed m a study of human plasma from two 
individuals over a penod of several weeks In 
Figure 3 is shown a composite of 16 mactivahon 
curves made by stud)ang plasma samples from the 
same mdividual over a penod of several weeks 



Fig 2 Theombin Inactivation Study, at 37® C., Composite Curves 
1 J D S , control, 12 curves 2 GJd control, 12 curves. 

Curve 1 ^0 cc. thrombm solution plus 02 cc. fresh human plasma incubated, 02 cc. mix- 

ture added to 04 cc. fresh human plasma. Composite of 12 such curves Curve 2 Similarly 
made from second control 
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Fig. 3 Thmubih iMAcnvAnoN Study at 37 C 
1 J DJS., control, composite 16 curves. 2. Theoretical curve y = (4.59) (lj003)» 

Curve 1 2.0 cc. thrombm solution plus 02 cc. fresh human plasma, incubated. 02 cc. mixture 

added to 04 cc, fresh human plasma. Composite of 16 such curves Curve 2, Derived theoretical 
curve. 


Shown also as curve 2 la the theoretical expo- 
nential curve derived from two values on the com 
positc curve. In Figure 4 is shown the effect of 
dialysis and heat on the thrombm inactivating 
power of human plasma The plasma tested m 
curve 2 ^vas dialyied for 3 hours at 4° C against 
repeated changes of 05 per cent NaQ solubon 
The sbght reduebon m macbvabng power com- 
pared with the undialyzed plasma may be ex- 
plained by the small increase m volume dunng 
dialysis for which no correebon was made. 
Plasma heated to 60° C for 20 mmutes under- 

TADLE I 


Soru temm PfoUxn Jradums uud »« ixPtnmtnU skown in 
Fiiure 5 Ihzsotoed tn OS p*r cent NaCl aoluium 


Carr* 

Protein 

fnicUon 

CNHOiSCWU 

Protein 

ConcentnUom 

1 

1270 

cm cc, 

0 0765 

2 

1 638 

0 0793 

3 

2 030 

0 0891 

4 

260 

0 0815 

5 

2.80 

0 0613 

6 

Soluble at ^80 

0 0570 


went great reduebon in inacbvatmg power, while 
plasma heated to 66° C for 20 mmutes completely 
lost this property 

Figure 5 and Table I show data obtained m a 
study of thrombm macbvabng power of horse 
scrum and protem fracbons of horse scrum both 
of which were kindly supplied by Drs E J Cohn 
and T L, McMcckm of the Department of Phys- 
ical C3ieraistry at Harvard Medical School The 
protem fracbons were prepared by preapitabon 
from horse serum with varymg concentrabons of 
(NH4),S04, as shown m Table I After filtra 
bon the preapitates were taken up in 05 per cent 
NaQ solubon and freed of (NH4),S04 by dialy- 
sis, The final protein concentrabons of the frac- 
bons tested arc shown m grams per cc, and the 
values are similar to those of serum Protem 
fracbons 1 and 2 have no macbvabng power, while 
fracbons 3 and 4 exhibit the property to an in- 
creasmg d^rec. Fracbon S prcapitatcd at 2.80 
M (NH4),S04 is by far the most active fracbon 
tested against thrombm, Fracbon 6, however, 
soluble at 2.80 M (NH4),S04 and prcapitatcd at 
saturabon has no macbvabng power The mcas- 
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Fig 4 Thrombin Inactivation Study, Human Plasma, 37“ C 
1 Normal 2 Dialyzed. 3 Heated 20 mmutes at 60“ C 4 Heated 20 mmutes at 66“ C 

Curve 1 2 0 cc. thrombin solubon plus 0 2 cc fresh human plasma, mcubated, 02 

cc. mucture added to 04 cc. fresh human plasma Curve 2 Same experiment after 
dialysis of plasma against 0 9 per cent NaCl solubon, usmg undialyzed plasma m test for 
residual thrombm. Curves 3 and 4 Plasma heated, filtered and tested as m Curve 1 
using unheated plasma in test for residual thrombm 


urement of residual thrombm m these expen- 
ments was made with fresh human plasma 
The experiments of Figure 6 indicate that the 
solution of the horse serum protein fraction solu- 
ble at 200 M (NH^) 3 S 04 and precipitated at 
saturation possesses greater power to inactivate 
thrombm than does serum itself The protein 
fraction was dissolved m 0 9 per cent NaCl solu- 
tion and/ since the protein content was 0Q694 
gram per cc as compared with 0 0650 gram per cc 
for the serum itself, the inactivating property has 
obviously undergone concentration The protein 
preapitated at 2 00 M (NH 4 ) 2 S 04 and taken up 
in 0 9 per cent NaQ solution to make 0 0786 gram 
of protein per cc has little antithrombic power 
The fractionation of serum protein for these ex- 
penments was done at 4° C , using the technique 
of T L McMeekin (5) 

In other experiments it was found that a hemo- 
cuprem solution containing 0 0220 gram of protein 
per cc showed no inactivating power against the 
standard thrombm solution when tested as de- 


scribed above A solution of horse serum crys- 
talbumm also was found to be without inactivat- 
ing power The question of the possible impor- 
tance of inorganic constituents of serum in the 
mactivation phenomenon was also studied Horse 
serum was ashed with sulfuric acid, the residue 
was taken up m a volume of distilled water equal 
to that of the onginal serum, and the pH was 
adjusted to 7 4 The resultant clear solution had 
no power to inactivate thrombm, from which one 
may conclude that the antithrombic activity of 
serum does not reside m its inorganic components 
In what manner vitanun K-active substances, 
such as 2-methyl- 1,4-naphthoquinone, condition 
the formation of prothrombin in the body has not 
yet been determined, but it is possible that such 
substances supply a prosthetic group for the glo- 
buhn molecule The possible relationship of vita- 
min K to the thrombm-inactivation phenomenon 
under study was investigated as follows Two cc 
of the standard thrombm solution were inacti- 
vated by incubation with 02 cc horse serum for 
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10 minutes at 37® C Then 0 4 nigra of a highly 
K active water-soluble sodium bisulfite denvaUve 
of 2 mcthyl-l,4-naphthoquinonc (probably the 
sodium salt of the 3 sulfonic aad addition prod- 
uct) was added No restoration of throrabic po 
tency occurred on incubating the solution at 37® 
C Addition of the vitamm K substance to the 
throrabm solution before the serum ^va3 added did 
not affect the rate of inactivation of the thrombin 

tnscussiON 

The lack of speaes speafiaty m the mteraction 
of the different mammalian dotting factors stud- 
ied in these experiments is clear There may be 
quantitative differences in horse, beef, and human 
plasma with respect to these factors but the pres 
ent study is confirmatory of the usual view tliat 
the reaction between thrombm and fibnnogen 
from various mammalian sources is essentially the 
same. It is apparent also that the inactivating 


power of plasma protem is exerted against throm- 
bm from plasma of another speaes 
Evidently the mactivation of thrombm docs not 
depend on conditions set up by the inversion of 
fibnnogen to fibrin, for the preapitation of pun- 
fied fibnnogen by thrombm is not followed by 
progressive reduction m potency of the residual 
thrombin Rapid inactivation results if preserved 
horse serum is added to thrombm, as shown m 
the present study It is not surprising then, to 
find that immediate removal of the dot after ad- 
dition of plasma to thrombm has no effect on the 
rate of inactivation of thrombm 
As shown above the mactivation of thrombm 
by plasma proceeds exponentially In studying 
plasma from the same normal human subjects re- 
peatedly over a period of time, the inactivation 
rate is remarkably constant The agreement be- 
tween plasma samples from different normal mdi- 
viduals is dose. These findmgs led to a study of 
the inactivating property m plasma from patients 



Fic. 5 Thboubin iNACTtvAxioK Stxtoy, HoasE Snuu Protein Feactions 

Curve. L ZO cc. thrombin foIuUon pltu 02 cc, lohition of protein fraction, m 
cubated, 02 cc mixtare added to 0.4 cc freah human placna. Curres 2, 3 4 5 and 6 
limilarly obtained with corresponding' protem fracticais, as shown in Table L 
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INCUBATION PERKX), SECONDS, 37’ C 


THROMBIN INACTIVATION STUCTf , HORSE SERUM 
PROTEIN 

Fzg 6, Thhombik Inactivation Study, Hoiise 
SE auH Pkotein 

Curve 1 2 0 cc thrombm solution plus 0 2 cc solution 

horse serum protein fraction (fraction preapitated at 2 0 
M, (NH 4 )aS 04 , and dissolved in 09 per cent NaCI solu- 
tion to yield 00786 gram of protein per ca) Mixture 
incubated, and 02 cc mixture added to 04 cc, fresh 
human plasma. Curves 2 and 3 similarly constructed. 
Curve 2 with solubon of horse serum protem fracbon 
soluble at 20 M (NH 4 ) 3 SO* but precipitated at satura- 
bon and containing 0 0694 gram of protem per cc m 0 9 
per cent NaCl solubon, Curve 3 with untreated horse 
serum containing 0 0650 gram of protein per cc. 

With vanous diseases, the results of whicli are to 
be reported 

From the data shown m Figure 4 it can be 
seen that the power of inadivating thrombm is 
not lost when plasma is dialyzed against 09 per 
cent NaQ solution This fact, together with the 
demonstrable heat labihty of this property in 
plasma, makes it dear that thrombm inacbvabon 
IS a function of the plasma proteins The studies 


on serum protem fractions shown m Figures 5 
and 6 indicate a localization of the anbthrombic 
property not merely m the albumin fracbon, but 
in a particular part of the albumin fracbon By 
far the most acbve fraction studied was that pre- 
cipitated at 2 80 M (NHOaSO* 

It IS of interest that a fraction of horse serum 
protem can be salted out which yields a solution 
of greater antithrombic power than the serum it- 
self It IS possible that the power to inactivate 
thrombm is the property of an individual protem 
constituent of the plasma albumm, and that the 
reaction is enzymatic m nature. 

CONCLUSIONS 

1 Thrombm prepared from beef plasma is 
rapidly inactivated when incubated with human 
or beef plasma or horse serum 

2 Thrombm is not inactivated when meubated 
with fibnnogen solution 

3 Inactivation of thrombm by plasma or se- 
rum proceeds exponentially, and plasma samples 
from different normal individuals or from the 
same individuals over a penod of time yidd quan- 
titatively similar results 

4 The property of inactivating thrombm is 
resident in a particular fraction of plasma albu- 
mm which IS capable of being concentrated and 
may be enzymatic m nature 

The authors wish to express their gratitude to Drs 
E, J Cohn and T L McMeekin for suggestions in this 
study 
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AT kALOSIS AND LOW PLASMA POT‘\SSILM IN A CASE OF 
CUSHING S SYNDROME A MET\BOLIC STUDY 

B\ DON-\LD M \VILLSO\ ^KRSCHELLE H POWER EDWIN J KEPLER 

(I rohi th PiTutoit of ntocltcnitsir\ The U 030 Fonudatton and the Dntsion of Medicine 
T te \fa\o Chute Rocheiter Minn ) 

(Rwucil for pu])Iicatu>n \pnl 20 1940) 


Adtlibon b distriM. ii> characterized to a large dc 
gree b) ixitliologic cliangcs in the nictabolibin of 
electroh tcb but clnngcs in the sexual organs and 
sexual cliaractcnstics either do not occur or are 
inconspicuous In case^ of Cushing s s\ndrome ^ 
on the other baud deinonstralilc abnonnahtus in 
the inetaliohsm of clcctroUtes oceur onl) excep- 
tionall} but changes in the sexual organs and 
sexual charactensties are the rule In Ixith dis 
eases amenorrhea or impotence ina) occur al 
tlunigh neither sMnptom occurs with regulanU 
m cases of Addison s disease In \aew of the 
fact tliat hjiieqdaslic or neoplastic clianges occur 
m the adrenal cortex wath considerable regulanU 
among cases of Cushings svndroine it 13 indctal 
remarkable tliat abnormalities of electrolyte me 
tabohsm occur so mfrequentlj In a senes of 
more than thirt> cases thirteen of which were 
adrenal cortical tumor we found only three cases 
in winch tliere were marked clianges m the elec 
trolyte pattern of the blood ^ The first case of 
this t}i:>e was reported by one of us 111 1933 (1 ) 

* The ttma Cushiuif s tMidronte is lucil here m the 
tense suggested b> Kcssel and refers to the clinical pvc 
ture described by Cuslung namely hirsutism amenorrhea 
or impotence plethoric obesity purplish striation, hyper 
tension and osteoporosis Cushing s syndrome has been 
found m assooaUon with basophilic tumors of the ante 
nor pituitary body neoplasms of the adrenal cortex and 
hyperplastic lesions of the adrenal cortices (sometimes m 
conjunction with th>momas) Cases have also been de 
scnbed m which necropsy findings ha\e been cxtremclv 
meager In nearly all instances Crooke s hj'alinc changes 
of the basophilic cells of the antenor pituitary body can 
be found The term Cushmg s disease " refers to 
Cushmg 5 S 3 ndrome that has occurred m assoaation wth 
a basophihe adenoma of the pituitary body 

*In some of the earlier cases such changes were not 
sought with the care now possible as die result of im 
proved chemical methods. Nevertheless it is unlikd> 
tliat such electrolyte changes were present, as the cbm 
cal picture that follows the disruption of the cherausl 
constituents of the blood is as striking as the changes that 
occur when a patient suffering from Addison s disease 
expenenccs a “ cnsis." 


pnor to our knowledge that the adrenal cortex 
wTib related to the mctalxilibiu of clectrol}tes A 
few \ears later wc pubhbhed the findings concern 
mg a second case (2 3)’ This report deals wnth 
our third case 

In 1937 McQuame Johnson and Ziegler (4) 
btudietl and reported the clectroktc changes tliat 
occurred m another case In all of these cases 
there wais a severe alkailosib associated wntli a low 
concentration of chlondes in the plasma and m 
AIcQuames case as well as in the present one 
the concentration of potassium in the plasma wais 
found to be low ( f he plasma wais not anal} zctl 
for potassium m the first two cases ) The oc 
ciirrence of a low concentration of chlorides in 
the plasma in Cushings s} ndrome has lieeii a 
stumbling block m understanding the pathologic 
chemistr} of this condition because in contrast to 
Addison 3 disease one might expect these chlo- 
ndes to be increased or at least normal 

The present stud} was undertaken m order to 
obtain more data as to the nature of the cheiiucal 
clianges that are associated with this s> ndrome 

Throughout the study the patient received a 
weighed diet low m content of sodium chlonde 
and moderately high in potassium (approximately 
4 0 grams of potassium 0 6 gram of sodium and 
1 0 gram of chlonde) such as is used m the pro- 
vocative test for the diagnosis of Addison 3 dis 
ease (6 7) Additional salts (potassium atrate 
potassium chlonde or ammonium clilonde) were 
administered m solution in divided doses dunng 
waking hours or in the form of an 08 per cent 

• In both case reports alkalosis w^as mctitioned but was 
not stressed. In the second case reported, death ulti 
mately occurred and the findings at necrop 5 > were re- 
ported by Norm (5) He felt that the pnmary lesion 
was an arrhcnoblastoma of the ovary from which me 
tastasis had occurred. This explanation scarcely ac 
counted adequately for the events that took place dunng 
the patient s illness and was questioned by two competent 
histopathologists who subsequently examined sections of 
the tumor and the metastatic lesions. 


701 



702 


DON\LD M WILLSON, MARSCHELLE H PO\I ER, ^ND EDWIN J KEPLER 



Fig 1 Appearance of Patient 
(^ 2 ) October 17, 1938, (b), (c), and (d) August 23, 1939 


solution intravenously Specimens of urine for 
each penod of twenty-four hours were collected 
and were preserved with thymol in the refriger- 
ator and aliquot portions were analyzed Feces 
were separated into five- or seven-day periods by 
means of carmine markers, and aliquots were also 
analyzed for mineral components 

In the morning before the administration of 
food or salt solution, blood was collected under 
oil without the use of a tourniquet m order to 
avoid stasis Hepann was used as an anticoagu- 
lant The specimens were chilled and analyses 
were begun immediately on the plasma 

CHEMICAL METHODS 

The carbon dioxide content of the plasma as separated, 
and of another sample equilibrated at 38® C at a carbon 
dioxide tension chosen as closely as possible to that of 
separated plasma was determined by the method of Van 
Slyke and Neill (8) From these data the pH of the 


plasma as separated was calculated accordmg to the 
method of Eisenman (9) 

Chloride in plasma and m homogenized suspensions of 
feces was determined by a slight modification of the 
method of Keys (10), that in urine by the Volhard- 
Harvey titration with the reagents descnbed originally 
for plasma by Wilson and Ball (11) Sodium m plasma 
and unne was determined by the method of Butler and 
Tuthill as quoted bv Peters and Van Slyke (12a), and 
potassium by the chloroplatinate method of Shohl and 
Bennett as modified by Hartzler (13) Feces were dried 
and powdered and weighed samples were ashed in an 
electric muffle overnight at 500® C, after preliminary 
digestion with sulfuric acid The ash was extracted with 
05 normal hydrochlonc aad and was analyzed for so- 
dium and potassium by the methods cited 
The total nitrogen content of plasma, urine and homo- 
genized suspensions of feces was determmed by a modi- 
fied Kjeldahl procedure 

REPORT OF CASE 

A white, male farmer, aged thirfy-nme years, first 
came to The Mayo Clinic on October 5, 1938, because 
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of wcakncsj, losi of wdgbt and mental depreujoa The 
illness gradually developed danng a period of six months 
and was punctuated by two episodes of transient pamful 
edema of the face and lower extremities associate with 
parcsthesms of the legs and fingers^ Two months prior 
to admission diabetes and hypertension were first noted, 
and mental apathy frequent spells of crying and failure 
of memory became noticeable. Twenty five pounds (lU 
kgm.) were lost m the penod of four weeks which pre 
ceded his craning to the dime. In addition, there was a 
loss of libido of several months* duration. The use of 
alkalis or drugs was denied, and there had been no 
vomitmg 

Physical examination revealed a negativfstic, confused, 
dehydrated mdrvidual who appeared fifteen years older 
than his stated age and obviously was HI. He weighed 
118 pounds (53^ kgm ) The blood pressure \vas 190 
mm. of mercury systolic and 110 mm., diastolic. The 
temperature and rcsplratiosis were normal and emphy 
sema was not present Some suggestion of a moon face 
was evident, but there was comparatively little of the 
characteristic obesity or plethora of Cushing's syndrome 
(Figmc la) There was no change m the secondary 
sexual characteristics, the breasts and testes appeared 


normal to palpation. Neurologic exarmnabon gave nega 
tive results, the cerebrospinal fluid contained 60 mgra, 
of proton per 100 cc. The basal metabolic rate was 
+ 16 per cent The ocular fundi and visual fields were 
normal, as were also the excretory urogram and roent- 
genograms of the head- Roentgenoscopy failed to reveal 
any abnormality of the thymus. 

The fasting blood sugar oo admission was 173 mgm. 
per 100 cc. The blood sugar at 11 ajn, and 4 pun. was 
278 mgm. and 312 mgm. per 100 co, respeebvely The 
urine was usually sugar free m the morning but nxdcr- 
ate to severe glycosuria without ketonuna ^va5 present 
m the afternoon and evening The daily administrabon 
of 20 umts of protamine insulm pracbcally drmlnated 
the glycosuria. During the first six days of faospitalua 
boo prior to the observations to be reported (October 5 
through 11 1938) a marked negative fluid briance was 
present with urinary volumes averagmg 4500 cc daily 
on an mtake averaging 3500 cc This loss of fluid oc 
curred even though glycosuria had been mimmixed by 
the use of insulm. 

The most striking abnormalities observed were severe 
alkalosis (without signs of tetany) and the decrease m 
concentration of potassium in the plasma (Figure 2d) 



Fia 2. PATintK or ELEcraoLYras 

(a) of a normal individual, (b) m an Addisonian crisis, (c) in a case of 
-hypcrcorbco-adrcnahsm’* and (d) m our own case of 
adrenallsm " hcrem reported (columns o b and c are from McQuirric ( 
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TABLE I 


Plasma eUdrolyUs and average daily metabolic balance tn a case of Cushing's syndrome 
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* Does not include unmeasurable loss through skin J Exploratory laparotomy on October 21 

f Average of analyses, periods 5 to 8, inclusive 


Oa October 14, 1938, the electrolyte pattern of the 
plasma was as follows Bicarbonate, 46 milhequivalents 
per liter , chlorides, 78 0 milhequivalents per liter , potas- 
sium, 22 milhequivalents per liter , and sodium, 137 0 
milhcqmvalents per hter The concentrations of calaum, 
magnesium, protein, morganic phosphates, sulfates and 
urea were nonnaL An elevated concentration of sodium 
and a large undetermined acid fraction which McQuarne 
found m the mitial exanunation of his case of hyper- 
corheo-adrenahsm were not present m this pataent Data 
concerning the method of correction of this disturbance 
are summarized in Table I 

During the first seven days (period 1) the patient re- 
ceived, daily, approximately 8 grams of potassium chlo- 
ride and 3 5 grams of ammomum chloride in addition 
to the mmeral salts that were present in the food On 
tins regimen there was an average daily retention of 
3 95 grams of potassium and 248 grams of chloride (if 
the losses m the insensible perspiration are disregarded) 
and considerable improvement m the electrolyte pattern 
of the plasma occurred 

The patient was then subjected to an exploratory 
laparotomy (October 21) to exclude the possibihty of 
an adrenal cortical tumor, the adrenal glands were nor- 
mal to palpation and resection was not undertaken 

The metabolic studies contmued unmterrupted by the 
surgical procedure and for the following six days (period 
2) approximately the same intake of electrolytes was 
mamtamed At the end of this period the electrolyte 
pattern of the plasma was essentially normal A large 
negative mtrogen balance occurred postoperatively and 
there was also a slight negative balance for potassium 


and a small positive balance for chloride. This apparent 
loss of potassium is probably related to the loss of mtro- 
gen madent to the surgical procedure and would probably 
have been of greater magnitude had not potassium been 
administered in excess 

In the succeeding period (period 3), after a normal 
electrolyte pattern of the plasma had been attained, the 
daily intake of electrolytes was reduced to 5 grams of 
potassium chloride plus the amounts present m the diet 
The electrolyte pattern remained approximately normal 
and the patient mamtamed a state of metabolic balance. 
He was then dismissed and was instructed to follow a 
“ qualitative " diabetic diet without regard to salt con- 
tent in order to detenmne whether or not the disturbance 
of electrolytes would return 

Durmg the aforementioned study, the seventy of the 
diabetes decreased to the degree that it could be controlled 
by qualitative dietary restnebons without msulm. Simi- 
larly, the basal metabolic rate decreased to — 9 per cent, 
but there was only slight improvement m the mental 
state, and the degree of hyjierteiision was unaffected 

The pabent returned for re-exammabon on January 
9, 1939 In the mterval his appearance had changed ma- 
tenally and for the first bme it became definitely evi- 
dent that his condibon should be regarded as Cushing’s 
syndrome. The face now was full, round and moon-likc. 
The eyes were more protuberant and the characteristic 
adiposity of the trunk was present. Numerous hemangi- 
omatous pctechiae, 1 to 4 mm. m diameter, were present 
on the face, dorsum of the hands, and conjunctrvae. 
The blood pressure was 174 mm of mercury systolic and 
114, diastolic. The urme was free of sugar and the 
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conctntratlofii ol blood su^ were at 8 00 ajai. (fart> 
Ing) 101 mgm., at 11*30 ajn, 163 mgm., and at 4*00 
p,ni. 1S7 ragm. per cent The tourniquet test (at 130 
nun. mercury for ten minutes) gave negative results. 
The basal roclabolJc rate was — 3 per cent, the icdl 
mentaticn rate was normal aixl roentgenoscopy of the 
thorax again ga>e negative results. The electrolyte pat> 
tem of the plasma was again deranged (Table I), al 
though not to the degree observed at the Imtul admisswo. 
At this tunc, the pH of the venous plasma, detennined 
gasometncally was found to be 754 This confirmed 
the previoui impression that a state of uncompensated 
alkalosis existed. 

Inasmuch as the results of the previous study had indi 
cated that administration of potassium and chloride salts 
would correct the abnormal chemical composiUon of the 
blood, and that potasuum chlonde would maintain this 
correction, an effort was made to detcnnuic whether an 
excess of potassium or chlonde Ions mdmdually ^vould 
have a lunilar beneficial effect. Accordmgly the patient 
agam received the basat diet previously described (pe- 
nod 4) The sodium chlonde was increased, however 
to approximately 6 grams daily (period 5) The con 
ocntration of electrolytes m the plasma remained cssen 
bally unchanged during these two control periods, except 
for a slight increase m the concentration of potassium 
which was accompanied by a shght retention of potas 
num. A negative balance for sodium and chlonde in 
period 4 occurred as one might expect, in a short period 
of sodium chlonde restnebon and the compensatory 
positive balance followed a return to an average mtake 
of sodium chloride m period 5, 

The addition of 175 grams of potassium atrate per 
day to the diet (penod 6) was associated with retentioa 
of a large amount of potassium, and the concentration 
of potassium m the plasma agam incr ea se d . Comci 
dentally, there was a small but definite increase m the 
conceatrabon of chloride m the plasma and a decrease m 
the concentradoo of bicarbonate m the plasma from the 
levels maintained during the two previous periods This 
occoTTcd in spite of the fact that no additional chlonde 
loa was administered. 

The subsbtutioii of 6 grams of ammoniam chlonde 
daily for the potassium atrate (period 7) resulted at 
first in a retenbon of chloride with a further increase in 
Its concentrabon of the plasma and a decrease m con 
centration of bicarbonate. At the tame time, however 
a negabve balance for potassium vras observed and the 
coocentrabon of the plasma iiotassiura decreased to very 
low levels. Thereafter m spite of continued admmls- 
trabon of this tame amount of ammonium chloride (pe 
riod 8) the trend toward increasing conccntratkifis of 
bicarbonate amt decreasing concentrations of chlonde in 
the plasma persisted. It would appear therefore, that 
ammonium chlonde was effccbvc in the elevation of the 
concentrabon of chlonde (and decrease m bicarbonate) 
in the pln«mq oedy when the concentrabon of potassium 
in the plasma was maintained near normal levels by the 
previous adimmstrabon of potassium abate 

The patient was observed at Intervals following the 


completion of these observatiotis and the electrolyte pat 
teni remained reasonably well cootroUed (Table I) by 
the admioutratlon of 2 teasp^fuls of potassium chlo- 
ride daily He finally discontinued this roedicabon be- 
cause of gastro-intestiaal symptoms, bowercr and the 
final analysis of the blood on August 30 1939 revealed 
a derangement of the electrolyte pattern that was nearly 
as severe as that which was present at the original 
admission. 

The devclopfltncnt of the daiilcal symptoms and signs 
of Cushing's syndrome continued in spite of four courses 
of roentgen therapy to the thymus and pituitary glands. 
The characteristic plcthonc moon face, adiposity and pro- 
tuberant abdomen were present In addition, osteoporo- 
sis and compression fractures of the spme developed and 
the pabent decreased 10 cm, m height withm one year 
A productive cough and paralysis of the left vocal cord, 
which developed following completion of the metabolic 
study were suggesbTc of the poisibihty that a medi 
asUnal lesion was present but this could not be confirmed. 

Finally weakness and cachexia developed (Figure 1 b 
c and d) the diabetes became more severe, and the patient 
became bedfast and finally tnecumbed eighteen months 
after the onset of symptoms. Death occurred cliewbcre 
and necropsy was not performed. 

COMMENT 

The striking abnormalities m the electrolyte pat- 
tern of the plasma of this patient consisted of an 
elevated concentration of bicarbonate, and a de- 
creased concentration of chlonde and potassium 
In considering the bicarbonate-chlonde relation 
ship, the usual causes for such a disturbance were 
not present in this case. The possibtiity of a pn- 
maiy bicarbonate excess of respiratory ongin is 
excluded by the observed pH of 7 54 (I2b) and 
alkalosis resultmg from admimstration of alkali 
or from loss of chlonde by vomiting is hkcwise 
excluded Apparently, the patient’s condition 
represented an aad-dcficit type of alkalosis of un- 
usual ongm 

The metabohe data indicate that, m addition 
to the persistently low value for potassium m the 
plasma, the mtraccUular stores of potassium were 
probably greatly depleted. Dunng the mitial 
seven-day penod of study the concentration of 
potassium m the plasma mcreased from 2.2 to 3 5 
milheqmvalents per htcr Such an increase would 
require, if equally distributed in the total body 
water (calculated as 70 per cent of the body 
weight) , a retention of only about 2 grams of po- 
tassium. From the metabohe balance ho^vever, 
it may be seen that 25.8 grams of potassium were 
retamed, or (allowmg for 
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through the skin) approximately ten times the 
amount calculated necessary to produce the ob- 
served increase m concentration in the extracellu- 
lar water This is in deaded contrast to the small 
amount of potassium reqmred to restore an 
equally d im i n ished concentration of potassium in 
the plasma to normal m two cases of obstructing 
lesions of the colon in which treatment was by 
prolonged nasal suction with the Miller-Abbott 
tube * The recurrence of depletion of potassium 
in our case seems to be compatible with the results 
of recent investigations (14 to 19), which have 
shown that adrenal cortical extracts (and desoxy- 
corticosterone) augment the unnary excretion of 
potassium when admimstered to normal or ad- 
renalectomized animals or to patients who have 
Addison's disease 

The presence of a low concentration of chlonde 
m the plasma is less easily imderstood That it 
may m some way be conditioned by potassium, as 
suggested by McQuame (4), would seem to be 
supported by the fact that the concentration of 
both chlonde and potassium in the plasma m- 
creased following the addition of potassium a- 
trate to the diet, and by the failure of ammomum 
chlonde alone to exert a benefiaal effect on the 
concentration of chlonde m the plctsma, except 
when the concentration of potassium was normal 
In this connection, it is of interest to note that 
the electrolyte pattern of the plasma of rats main- 
tained on a diet deficient m potassium is m many 
respects similar to that seen in our case, that is, 
sodium relatively normal, but both chlonde and 
potassium markedly decreased (20) 

The absence of marked abnormahties m the 
concentration of sodium m the plasma or of 
changes m the metabohc balance of sodium is 
compatible with the picture of hypercortico- 
adrenalism The formation of edema following 
the administration of large amounts of sodium 
salts or by the use of desoxycorticosterone m Ad- 
dison's disease suggests that a moderate increase 
m the content of sodium within the body may be 
compensated for by an assoaated retention of 
water and thus may not be reflected by an increase 
in the concentration of this ion m the plasma 
That an increase in the concentration of sodium 

^ Unreportcd cases. 


in the plasma may occur, however, was demon- 
strated m the mitial analyses of the plasma m the 
case reported by McQuarne and his co-workers 
and this increase represents the major difference 
in the electrolyte pattern m these two cases (Fig- 
ure 2) 

It would appear from these observations that 
the hypothesis of hypercortical adrenalism m our 
case is tenable and that this hyperfunction was 
responsible for a loss of potassium from the body 

SUMMARY 

A typical case of Cushing's syndrome was stud- 
ied because of the assoaation of a disturbance in 
the electrolytes of the plasma, namely, dimimshed 
concentration of potassium and chlonde, increased 
concentration of bicarbonate, elevated pH, and 
normal concentrations of sodium, protein, cal- 
cium, magnesium, phosphorus and sulfates, and 
undetermmed aad fraction 
The pattern of the plasma electrolytes returned 
to normal following the simultaneous admmistra- 
tion of potassium chlonde and ammomum chlo- 
nde Thereafter, the admimstration of potas- 
sium chlonde alone maintained a relatively nor- 
mal pattern 

The administration of potassium at rate was 
followed by partial correction of the abnormal 
concentrations of potassium, chloride and bicarbo- 
nate m the plasma 

Ammomum chlonde failed to maintain a nor- 
mal concentration of plasma chlonde and bicarbo- 
nate after the concentration of plasma potassium 
decreased to low levels following discontinuance 
of administration of potassium salts 

The concentrations of other eIectrol 3 ^es in the 
plasma remained essentially normal throughout 
the penod of observation and showed no apparent 
relation to the metabolic upset 
It IS suggested that the abnormality in the dis- 
tnbution of electrol 3 ^es in this case is the result of 
the failure of the kidney to retain potassium, and 
that the chlonde plays only a secondary role as it 
appears to do m cases of adrenal msuffiaency 
The therapeutic admimstration of potassium 
chlonde to this patient did not influence the course 
of the disease 
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In previous reports one of us (M) and his as- 
soaates (1, 2) have shoivn that hexyl rcsoranol 
aids m the absorption of insulin from the gastro- 
intesbnal tract of dogs It has since been sho^vn 
that other derivatives, the octyl and heptyl resor- 
cinols (3) and the pentyl, butyl, and propyl resor- 
cinols Ukewse are active in this physiologic proc- 
ess , the last Uvo, however, less so than the higher 
compounds Ethyl rcsoranol proved completely 
inactive, as have the acyl resorcinols and the butyl 
ester of )3 resorcinol (4) Reports on the effects 
of other substances found to retard digestion of 
insulin will be made in later papers. 

None of the resorcmols having proved superior 
to the hexyl compound, it was decided to try this 
one on a senes of diabetic patients ^ 

At the time of the report before the National Academy 
of SdcDcea (5) in Rocheatcr (October 1937), it was 
stated that, ^ Trials with human subjects (normals) per 
nnt us at the present time ooiy to state with certamty 
that, imder the conditions defined, msuUn can be ab- 
sorbed m suffoent amount to produce abrupt changes m 
blood sugar With some subjects we have thus far not 
been able to demonstrate any absorption and, under cer 
tain conditions not yet understood, persons who have 
previously grven good absorption fail to do so. It is 
impossible to say at the present tune how useful or im 
portant these observatjons may become m the treatment 
of diabetes.** 

With this statement plainly before him, a certain re- 
porter sent to the Associated Press a dispatch completely 
at variance with the above, and the erroneous report 
was widely copied m the lay press. The story grcNv to 
the point where ** Ttme * reported ” a perfected compound 
of in^ltn and bexylrcsorcinol which may be swallowed as 
a tablet” Not a word was said about tablets cither m 
the paper read before the Academy the abstract pub- 
lish^ m Science, or m the statement given to the press 
along with statements from other ipeakers. 

Trials of the absorption mixture which had 

^This mvestigatioci has been aided by a grant from 
the Insnhn Committee of the Umvcraity of Toronto 
contributed by the manufacturers of msulm m the 

u a A 


proved most effective in animal expenments were 
begun with diabetic patients in (Detober, 1937 and 
were continued wthout mterrupbon until June, 
1938, They were resumed m December, 1938 
and continued until July 1939 Twenty patients 
were given the oral insulin over penods varying 
from tivo weeks to three and a half months The 
results are reported m summary with some details 
on patients who showed greatest responses It 
^va3 not anticipated from the experience gamed 
with dogs that it would be possible to replace all 
subcutaneous insulin m any other than the mildest 
cases rcquinng msuhn The report should not be 
regarded as anything more than a physiologic 
study of absorption of insulin from the alimentary 
tract of patients who have an interest in the out- 
come Its value from the standpomt of treat- 
ment should be appraised in several other chmes 
where dietary and other factors can be controlled 
ngidly before there can be any hope of general 
usage by the medical profession Improvement 
of absorption by other adjuvant substances has 
been obtained recently in the animal laboratory, 
but the point of safe appheafaon to the diabetic 
patient has not yet been reached 

Of the twenty patients selected from the out- 
patient diabetic chmc or the m patients of Strong 
Memorial, Mumapal and General Hospitals m 
Rochester, tivo were studied m a preliminary way 
without an adequately controlled diet, four proved 
uncooperative, two became sugar free wthout in- 
sulm, one was quite old (68) and gave veiy httle 
response to oral msuhn and one of the two who 
thought they had to have protamine msulm was 
very diflficult to regulate to a satisfactory base level 
of sugar excretion or fasting blood sugar Of the 
twenty only twelve gave good evidence of absorp- 
tion under conditions which cannot be impeached. 

These conditions meJuded (i) a penod of ad 
justment of subcutaneous msuhn to a pomt where 
both change of sugar excretion and change of 
blood sugar could be reliably measured ( 2 ) per- 
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TABLE I 


Total digestibility not affected by oral insulin + hexylresoranol and buffer 

(Subject T L ) 


Date 

1938 

Period 

1 

1 

j 

N 

Protein 

Fat 

Carbo 

hydrate 

Aih 

Number 

Dayi 





trams 

eraTns 

grams 

xrantf 

grams 

January 4-8 

I 

5 

Food 

14 53 

90 8 

79 88 

142 2 

14 57 


Control 

Urme 

11 96 






1 


Feces 

1 16 

72 

3 53 


4 41 


1 


Balance 

+ 1 41 

836 

76 35 


10 16 




Apparent digestibihty, per cent 

(92 0) 

(95 5) 


(69 7) 

January 9-15 

II ! 

1 7 

Food 

14 53 

90 8 

79 9 

142 2 

14 57 


1 1 to 4 doses 100 to 400 

Urine 

13 27 






units insulin, 0 125 

Feces 

133 

83 

27 

19 

4 48 


to 0 50 gram hexyl- 




BwS 




resoremol, pH 10 5 

Balance 

-0 07 

82 5 


140 3 

10 09 




Apparent digestibility, per cent 

(90 8) 

ngEn 

(98 6) 

(69 2) 

January 16-24 

III 

1 9 

Food 

14 53 

90 8 

79 9 

142 2 

14 57 


Capsules 400 umts m- 

Urme 

12 92 






sulin -{-0 5 gram 

Feces 

1 29 

8 1 

23 

1 1 

4 26 


hexylresoremol i 









4 1 

Balance 

+0 32 

82 7 

77 6 

141 1 

10 31 



1 

1 C 1 

Apparent digestibility, per cent \ 

1 

(910) 

(97 1) 

(99 2) 

(70 7) 


pH 10 5 







January 25-30 

IV 

1 6 

Food 

14 53 

90 8 

79 9 

142 2 

14 57 


4 doses 800 imits m- 

Urme 

13 91 




1 


sulm +10 gram 

Feces 

1 54 

96 

22 

13 

1 5 22 


hexylresoremol, pH 1 








10 5 


Balance 

-0 92 

81 2 

i 77 7 

140 9 

9 35 




Apparent digestibility, per cent 

(89 4) 

(97 2) 

(99 0) 

(64 1) 


(Subject M D ) 


January 4-8 

I 1 5 

Food 

1159 

72 4 

73 1 

136 0 

1148 


Control 

Urme 

10 98 







Feces 

1 04 

65 

83 

27 




Balance 

-0 43 

659 

648 

133 3 




Apparent digestibility, per cent 

(91 0) 

(88 6) 

(98 0) 


January 9-15 

II 1 7 

Food 

13 84 

86 5 

77 6 

1319 

12 26 


1 to 3 doses daily 100 

Urine 

10 99 






to 300 units insulin, 

Feces 

1 12 

70 

24 

30 

132 


0 125 to 0 375 gram 






— 


hexylresoranol, pH 

Balance 1 

+ 1 73 

79 5 

75 2 

128 9 

10 94 


10 5 

Apparent digestibility, per cent 

(91 9) 

(96 9) 

(97 9) 

(89 2) 

January 16-24 

III 1 9 

Food 

13 84 

86 5 

77 6 

1319 

12 26 


Capsules, 4 

Urme 

10 71 






No oral, 5 

Feces 

0 96 

63 

26 

34 

1 05 



Balance 

+2 17 

80 2 

75 0 

128 5 




Apparent digestibdity, per cent 

(92 7) 

(96 6) 

(97 4) 


January 25-30 

IV I 6 

Food 

1 13 84 

86 5 

! 77 6 

1319 

12 26 


4 doses daily 800 imits 

1 Unne 

12 54 






msulm, 1 0 gram 

1 Feces 

1 21 

76 

24 

43 

0 96 


hexylresoranol, pH 








10 5 

1 Balance 

-oil 

78 9 

75 2 

127 6 

1130 

1 


Apparent digestibility, per cent 

(912) 

(96 9) 

(96 7) 

(92 1) 
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fcctly constant diets durmg the adjustment period 
and subsequent expcnmental penods, (3) stnet 
confinement m the hospital under careful surveil- 
lance of a competent spcaal nurse. 

Effect on dtgestwn 

At the beginning of this work it was felt that 
the degree of interference, if any, of the control- 
hng substances with total digestion must be 
known in order that a proper assay of the ef- 
fectiveness of the insulin might be given If, for 
example, the high pH of the mixture or the 
hexyl resoranol should interfere materially wth 
digestion or absorption of carbohydrate or pro- 
tein, a dimmution in the excretion of sugar might 
be attributed erroneously to the oral insulin. 

Two subjects therefore, were placed on the 
ngidJy controlled diet A fecal marker was given 
wth the first breakfast in each penod and another 
with the first breakfast following the experiment 
Feces were collected from the first appearance of 
one mark to the first appearance of the next 
There was an occasional loose stool, but with only 
one exception this occurred after a penod was 
well started and m the single instance mentioned 
no difficulty was found m making satisfactory 
separation 

Precisely one half the day's diet on two sepa- 
rate days was weighed out, m addition to the 
amount served, and this half-portion was dned 
down for analysis Food and feces were ana- 
lyzed by identical methods for total mtrogen, total 
fat (c^r extract), total ash and total hydro- 
lyzable sugar, expressed as glucose Total carbo 
hydrate was also found m the food by subtrac- 
tion, Twenty-four hour unnes were collected 
and analyzed for total mtrogen and total sugar 

In Table I, the resulting figures arc given as 
well as the N balance and the apparent digesti- 
bUity expressed as percentages of each nutnent 
fed. The terra apparent digestibility " is used 
as the cqmvalent of the older term * coefficient of 
utilixation” or ‘ coeffiaent of absorption. It 
gives recogmtion to the fact that there is an 
endogenous excretion of mtrogen from the gut 
(now called alimentary mtrogen) which should 
be subtracted from fec^ mtrogen to give the true 
food mtrogen remaining unahsorbed. The ap- 
parent digcstibihty serves equally well for the pur- 


pose in hand No matenal retardation of diges- 
tion or absorption can escape, and to obtam true 
digestibihty would reqmre at least one period of 
several days without any protein m the diet, a 
procedure which we hesitated to impose on a 
diabetic. 

The penods for subjects T L, and M D com- 
cided, Penod I, of five days' duration, was a 
control, no oral Insulin bemg given. In Penod 
II from one to three standard doses were given, 
each consisting of 200 cc of water in which were 
dissolved 100 units of insulin, 0 125 per cent of 
hexyl resoranol, and a mixture of sodium carbo- 
nate and bicarbonate suffiaent to give a pH of 10 
to 10 5 Penod III started out to be one m whidi 
the same quantity of insuhn and adjuvant sub- 
stances in dry form for each dose would be taken 
in a ge l a tin capsule. These capsules were not 
successful and produced nausea, consequently, 
they were discontmued at the end of four days. 
The penod continued however, for five days 
longer without any insulin. Then followed Pe- 
nod IV dunng which for six days a double dose 
(200 umts plus correspondmg amounts of hexyl- 
resoranol and sodium salts) was given four tunes 
each day, making a total of 800 cbmcaJ umts and 
1 0 gram hexylrcsorcmoL 

It IS readily seen (Table I) that no material 
difference m the apparent digestibihty of the pro- 
tein, fat or carbohydrate occurred as between the 
penod with no msuhn and either of those with 
insulin and the adjuvant chemicals Changes 
equally great occur m successive penods on any 
weighed and analyzed diet which is constant. 
There is however with one exception a slightly 
greater output of mtrogen m the full oral insulin 
penods Smee this concerns the unne pnnapally, 
it could not be attnbuted to lessened digestion but 
rather to faulty retention. 

The only change which is consistent throughout 
all the compansons is a slightly better absorption 
of fat when the hexylrcsorcmol was given. The 
difference m the first companson with subject 
T L, was only 1 per cent, but with subject M D 
it was over 8 per cent The better absorption of 
fat is readily explained by the emulsifying acbon 
of hexylrcsorcmol, this same property (surface 
tension lowenng) possibly affecting also the ab- 
sorption of msuhn. Carbohydrate (expressed as 
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hydrolyzed glucose), the component of the diet 
about which we were especially concerned, shows 
no material change m absorption either way The 
absorption of the ash was rather low m subject 
T L — ^notably so m the last penod But no con- 
sistent adverse effect of the oral mixture is to be 
made out Two other subjects studied for a 
shorter time m the same manner gave the same 
evidence of non-mterference with digestion 

Naturally these findmgs were reassurmg and 
we have not hesitated smce then to give up to four 
double doses of the msulm-hexylresoranol- 
alkalme salts mixture (800 I U ) each day 
There have been no signs of interference with di- 
gestion and very little interference with appetite 
(see H G, Table II) in any of the subjects so 
long as the solutions descnbed were used Gela- 
bn capsules containing hexylresorcmol in dry 
form somebmes have produced nausea and in 
certain instances, when suffiaent water has not 
been taken, they have been regurgitated Entenc 
coated tablets contaming insulm and the adjuvant 
materials have not as yet been proved to have any 
comparable effect The results descnbed below 
apply, with certain exceptions noted, only to the 
effects of msulm given m solutions 

PROCEDURE 

Each patient on admission was placed on a controlled 
diet, estimated to be suffiaent to maintam body weight, 
with some defiaency of msulu^ m the ambulatory hos- 
pital life he was expected to lead More than half the 
pabents were bedded m the regular medical divisions of 
Strong Memorial Hospital, but five of the twelve and 
some others were cared for m the metabolism umt of 
the Department of Medicine where facihties for close 
observation of the patient and feeding from the metabo- 
lism kitchen were available. At times patients m the 
regular divisions were given their meals m the Depart- 
ment of Vital Economics from its own diet kitchen. 
This required only a walk up one flight and into an ad- 
joimng wing of the medical school No patient was 
allowed to leave the hospital during an experiment or 
to leave the prescribed limits without permission in each 
instance. A recreation room was fitted up m the De- 
partment of Vital Economics where men patients bedded 
m the divisions could listen to the radio, smoke, and 
play games In the metabolism umt, also, radio receiY- 
ing sets were provided m the rooms and smoking was 
permitted so long as the patient rcmamed stnctly in his 
room. 

The nurse in charge of the cases m the division or 
metabolism umt, as the case might be, exerased watchful 
care over the collections of urines in definite periods, the 


administration of subcutaneous insubn, etc at all times. 
When it was necessary to give subcutaneous msulm at 
night to patients m the metabolism umt, this was done 
by a mght nurse from an adjommg division of the hos- 
pital Meal times were kept regular, and a special die- 
titian prepared the food, weighed all food served, and 
weighed back anythmg left on the plate. Diets were 
kept as nearly constant as the variations from standard 
food tables would permit The task of analyzmg all 
foods consumed was too great to be undertaken Reh- 
ance was placed on long periods, or repebtion a suffiaent 
number of times, to equahze vanabons and give de- 
pendable averages 

Oral insulm works best on an empty stomach, and 
with the idea that two meals a day, without change of 
total or disbibuted calories, might afford greater chance 
of absorption, this alterabon was made for a short bme 
with two pabents (P J and W V ), but there was no 
g^reater total effect (see W V, Table II) The bvo- 
meal method with oral insulm a short brae before each 
meal would probably have given greater results with 
some of the more responsive subjects 

In the adjustment of subcutaneous insulm to a level 
which would permit excrebon of suffiaent sugar for re- 
liable determinabons both qualitabvely and quanbtabvciy, 
it was, of course, necessary to proceed with caubon both 
as regards the total insulm given and the distnbubon. 
The requirement of a hospitalized pabent decreases con- 
siderably below that of the pabent at home, m most 
cases, and the danger of msulm shock is correspondmgly 
maeased. The number of bmes shock occurred was 
very small The greater difficulty arose from the change 
from protamme-zme msulm to regular msulm, and m 
two cases (H C and T V ) it was necessary to con- 
tmue the protamme-zme variety throughout If the work 
were bemg planned agam, it is believed that the use of 
protamme-zme msulm might be made the basis of a 
more accurate confirmatory assay from the fasting blood 
sugar levels (See seebon on Umtage Effects below ) 
From early experiments, however, it was found, as 
expected, that readjustments of the subcutaneous m- 
sulm could be made much more rapidly with regular 
msulu^ and this tune factor seemed all important It 
was known also that some pabents cannot tolerate the 
protamme-zme mixture. Hence, for umformity and de- 
Iiendability of results, the use of regular msulm whenever 
possible was dcaded upon. 

The msulm employed for oral administrabon also was 
regular insuhn, generously contributed m the form of 
highest punty powders or crystals by the manufacturers 
The administration of the oral doses was always super- 
vised by one of the authors From experiments on 
themselves and other normal volunteers, as well as from 
experiments on dogs (1, 2, 3), they knew that the insulin 
must be mixed with the hexylrcsorcmol-buffer mixture 
immediately before administrabon to be sure of its sur- 
vival long enough for absorpbop. Data on the survival 
of insulm under various condibons perbnent to this study 
will be found m the earlier publicabons Aqueous solu- 
bons of the dry insulm of varymg imitage were pre- 
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pared) based oo the assays wppbed by the manufacturers 
and) m many instances, on confirmatory assays on rabbits, 
made m our laboratories. As in the dog experiments 
(3) the ^ftandard dorr* came to be 100 I U tnsultn 
dirrofnrd w a lohticn of 0J25 per cent hexylresorcwol 
and suSicteni buffer mixture to give a fftial pH of 10 to 
iOJ the total volume bemg 200 cc. \Vherc a “double 
dose* IS mentioned, it means two standard doses. If the 
volume were increased for any rcasoo the other solutes 
were increased correspondingly Trials were made at 
times of OJS per cent solution of hcxylrcsorclnol but with 
no better results. In this work on human diabetics no 
mixture was given which had not already been proved 
potent m the ammal work. 

From expenments on normal subjects it was thought 
for a tune that solutioos m 10 to 20 per cent alcohol 
instead of water were more effective and these were 
tned m a few instances on the human cases, with thar 
consent, but there was no improvement Repetition on 
Donnali completed the disillusionment Vanous flavor 


ing substances alio were used to mitigate the rather 
biting, astringent effect of hcxylrcsoronol m the mouth 
which to soma subjects was impleasant 

Urme and blood 

Urines were collected every day in four pcnodi 7 to 
11 aju., 11 to 4 pm, 4 to 9 pm, and 9 pm. to 7 am. 
The ccnvcntiOGal eight drops were used for qualitative 
testa m all these fractions according to the Benedict 
method, and the results recorded asO 1+ 2+ 3 + 
and 4 + These checks proved mvaluablc ra adjusting 
the dally dlfftribation of subcutaneous msulm as well as 
m gauging the effects of oral dosage. 

In the quantitative detennmation of glucose in the 
unne, the copper lodometric method of Shaffer and 
Somogyi (6) was used after treatment with the HgSO* 
BaCOi reagent devised by West, Scharles, and Peterson 
(7) for removal of interfering substances. 

As soon as the patient began to show a reasonably 
constant level of urine sugar bloods were drawn by one 
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Summary of results of oral msulm m twelve diabetic patients of varying dep'ees of seventy Diets and subcutaneous 
insulin held constant m control penods, designated '^none" under "Umts oral msubn,” and penods with varymg quanti- 
ties of oral msulm This was administered m solution with 0 125 per cent hexylresorcmol and a buffering solution pving 
a pH to the whole mixture of 10 to 10 5 In third column **cont means contmuous days, *‘alt,’* means altematingoa 
and off oral msulm, sel means selected days mostly contmuous 

' Effect of first dose only * 2 entenc tablets on 3 days ‘ Three days only 

* 8 capsules 75 I U each * &me since February 6 *6 capsules 75 I U each 

+ 2 entenc tablets on 3 days Refused 250 calones on March 4 and March 5 

• 1800 I U thiamm chlonde on May 6, May 8 and May 10 

® Plus orange jmce for reaction on March 23 and March 24 

10 P 13 protamine msulm, R regular msulm 

^ 3 doses each preceded by 2 capsules contammg sodium taurocholate on May 2 and May 4 4800 I U thiamm 

chlonde on May 6 

“ Bloods taken on 2 days only Veins too small to get blood 

^ Sorensen mixture for sake of R,Q “ Two meals only at 9 a m and 4pm 


of the authors every morning soon after 7 a*nL, and this 
procedure was contmued throughout each experimental 
penod on or oflF oral msulm, conditional only on the 
status of the patient’s veins Sugar was determined 
by the Shaffer-Somogyi (6) tech ni que after preopitaUon 
with the Somogyi (8) zmc-hydroxide reagent 
For gaugmg the effects of oral msulm on blood sugar, 
the first dose was given immediately after this first fast- 
ing blood was drawn, and a second sample was drawn 
forty-five minutes to one hour later and fifteen mmutcs 


before the subject's breakfast The “change m blood 
sugar between 7 15 and 8 ajm" desenbed m Table II 
refers to the change from the first to the second of these 
two samples The average time was as noted m the 
headmg but, owmg to difficulty m gettmg blood m some 
patents, there were mmor variations m this intcrvaL 
Frequently, bloods were drawn before and after oral 
doses taken later m the day, and sometimes the second 
showed a marked drop m sugar, but as a rule the early 
mommg test gave the greater response. 
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Results on unite sugar and fasting blood sugar 

In Tabic II wU be found complete data on the 
twelve patients who showed the most positive ab- 
sorptions, The significant figures are contained 
m the last three columns but, before discussing 
those results m detail, a few more words are nec- 
essary in explanation of the earher columns 
There were t>vo methods of comparing days vnth 
and days without oral insulin. First, a penod of 
several consecutive days on oral insulin as m the 
first two cases of Table II, followed by several 
days on the same diet and the same subcutaneous 
msuhn distributed in the same manner Some 
tunes the order was reversed as in the second two 
cases The dates in Qilumn 4 wll enable the 
reader to see how the hvo periods were related 
m time. The second method consisted of alter- 
nating successive days, one on the next off oral 
msuhn, with all other conditions identical The 
column of dates shows that the two groups of 
days compared fell m the same total penod. All 
such comparisons arc designated “ alt ” in the 
table. Sometimes a penod which was intended to 
be contmuous had to be interrupted and became 
alternating or changed otherwise. These are des 
ignatcd sel , ' meaning selected days, most of 
which were contmuous 

The figures for grams protein, fat and carbo- 
hydrate must not be construed too htcrally Ac- 
cording to food tables these figures actually were 
constant, but everyone knows that foods vary 
from the average figures given m tables in both 
directions They should be interpreted there- 
fore, as coming within these vanations The 
only safeguard aside from actual analysis is al 
ways to purchase foods of the same brand or va- 
nety This practice was adhered to very ngidly, 
thus narrowing the vanation as much as possible 

A entenon of adequacy of the diet m relation 
to the subcutaneous insulm is found m the body 
weight For example, it is qmte evident that 20 
I U of subcutaneous insulm m reJaboa to his 
diet was not adequate for T L m the third and 
fourth periods His weight fell 0 5 kgm m the 
third penod when oral msuhn was bemg taken, 
but It fell 1 5 kgm m the following period with 
no oral msuhn The output of sugar m the unne 
obviously went up for the same reason The ex 
penment was cut short at that pomt, and the pa- 


tient was given three weeks to become cstabhshed 
at a higher msuhn level and on a higher diet 
He also became more active m this subsequent 
penod. 

Subject M D , who was being studied at the 
same time, exhibits the same picture of inade- 
quacy in Penods III and IV His ^weight did not 
change so much because his subcutaneous msuhn 
^vas nearer his requirement even at the lower 
leveL Also, he did not denve as much benefit 
from oral insulin. 

Other instances of weight change, though of 
lesser magnitude as a rule, may be accounted for 
m the same manner 

The units of msuhn m both columns arc always 
international units (I U ) and the figures are for 
twenty-four hours. 

In the unne sugar column of figures several 
features become evident almost at a glance (1) 
There is considerable vanabihty mtra mdividually 
as between different penods with no oral msuhn, 
even when the subcutaneous insulm is constant 
(2) The effect of the same total mtake of oral 
msuhn is vanablc for the mdividual even when 
diet and subcutaneous msuhn remained constant 
{eg P J) Sometimes however, there is fair 
agreement ^ H. G ) (J) Finally, the oral 

msuhn like subcutaneous insulin, has its greatest 
effect when the initial unne sugar is high (sec cs 
pcoally subjects T L. and F O ) rather than 
when It IS low 

The first type of vanabihty is cxplamcd m part 
by the pnnaplc of accumulating defiats Lack 
of insulm today should be made up tomorrow 
If this docs not take place the sugar excretion 
tomorrow will be still higher than today The 
failure of oral msuhn m the intervening penods 
to make up the defiat of subcutaneous insulm 
obviously leaves the subject behmd though not 
so far behind as if he had had no oral dose. 
Sometimes the effect of the oral dose is quite sig- 
mcant but of course, vay small m relation to the 
number of units taken Vanabihty m the effect 
from the same number of umts taken orally might 
be explained m part also by the accumulated 
defiats, but m the instance of P J it probably 
IS due m some measure to improvement with rest 
m the hospitaL Twenty umts were far from ade- 
quate in Penod I but helped by the mtenrening 
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Fig 1 Daily Record of Urine Sugar and Blood Sugar Changes for Patient F O , With and 
Without Oral Insulin, All Other Conditions Remaining Constant 

The urine sugar is in 24-hour amounts The blood sugars shown are first bar, before oral insulin, 
second bar, 45 mmutes after oral msulin, or at corresponding intervals when oral insuhn was not given. 

200 units of oral insulin, they had become more table, there is a net reduction m unne sugar which 
nearly so m Period III Food intake was con- is measurable and which, under the arcumstances 

stant, but the patient's condition had changed of the expenment (with the exception of M D ), 

There is, so to speak, a self-hmiting conse- is beheved to be sigmficant 
quence of accumulated deficits in the sense that, The largest effect was obtained wth patient 
m terms of sugar saved, the body makes better F O , who tolerated the oral insulin remarkably 

use of any given dose of insuhn when the wastage well and also gave results which were nearly pro- 

is great than when it is small A muscle “ knows portional to the amount of oral insuhn adirunis- 

how” to adapt itself to a load Why should not tered (see Figure 1) Very good effects were 

the hver exhibit the same “ mtelhgence " ? also obtained on patient H G (see Figure 2) 

Weighted averages The sigmficant figure These two subjects were the most consistent ones 

showing the effect of oral insulin on unne sugar of the entire hst m the character of their reac- 

for each individual case is the figure opposite the tions Patient T L was longest under the treat- 

words ‘‘ weighted averages " This figure is ob- ment with oral insuhn, but his reaction was quite 
tamed by multiplying each of the figures mdicat- vanable, as may be observed from the figures op- 
ing change m unne sugar, immediately above, by posite the several oral penods It is obvious from 
the number of days on oral insuhn which that these results on unne sugars that oral insuhn 
figure represents The algebraic sum isj then given in the manner descnbed has but little effect 
obtained and divided by the total number of days on unne sugar, except when the urine sugar is 
on insulin In each of the cases listed m this qmte high , that, m general, the result is not pro- 
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Fia 2, Daily Rrcoai) or Uwne Sucax aito Blood Sugas Chamgu roa pATnun* H. G, With amd 
Without Oral Insulin All Other CoNornoHs Reualnino Constant 

The urfuc lugRT u in 24-hoar amounti. The blood lagar* ibowa are Brst bar before oral inaohii 
second bar 45 minutes after oral msulin, or at corrcipondmg interrals when oral msulm was not given. 

^ Indicates 1500 I U thin mm chlonde ^7lth each dose. * Indicatti not entire amount of unne sugar 


portaonal to dosage , and that only very mild cases 
could hope to replace subcutaneous insulm with 
oral insuhn as here administered- 

Change tn blood sugar The change m blood 
sugar from a smglc dose of oral msulm is at times 
very striking For example m the first test with 
pabent T L., the average effect on the blood sugar 
of a single dose taken early in the morning \va3 
100 milhgrams* reduebon, the \veighted average 
for all the tests on this pabent \vas 53 milligrams' 
net reduebon In most of the tests this pabent 
showed a nsmg blood sugar m the early morning 
when oral insuhn ^vas not given When it was 
given, the fasting blood sugar took a down\vard 
turn, actually failmg bebveen first and second 
bloods, or the nse ^vas very much diminished 
giving m either case a net reduebon of consider- 
able magnitude. The same sort of behavior is 


illustrated by several other pafaents. With pa- 
bent F O hoivcver, it will be observed that the 
fasbng blood sugar was falling between the t^vo 
blood samples m the early mommg when no oral 
msulm ^va3 given, but when oral msulin was 
given it fell much farther, and the average rcduc 
bon ivith this case was 60 mgm, per cent in the 
penod between the two blood samples It should 
be home m imnd that the oral insuhn was given 
immediately after the first fasting blood sugar 
There would be no pomt m giving a grand aver- 
age net reduebon of fasbng blood sugar by means 
of oral msulm for all of the cases. Only one pa- 
bent, H C, failed to show a significant drop with 
the oral insulm and this may be connected with 
the arcumstance that he was receiving protamme 
msulm throughout the experiment 
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TABLE m 


Effect of oral tnsultn tn terms of subcutaneous tnsultn (regular) 


! 

Patient 

Averase grami urine lugar — 
■ubcutaneoaa test 

i 

1 

A 

Differ- 
ence to 
subcu- 
taneous 
insulin 

] 

B 

Grams 

Mugai* 

Average grams urine sugar — 1 

oral test | 

. ... I 

c 

Differ- 
ence 1 
due to 1 
oral . 
Insulin 1 

Equiva- 
lent 
effect 
in subcu 
taneous 
units 

itt 

period 

Number 

days 

2nd 

period ' 

Number 

days 

With * 
oral 

Number 1 
days 1 

Without j 
oral 

Number 

days 


1 

1 



1 

* 


1 

1 






1 



1 

naitonal 








1 





nniti 

unU 

1 






T L 1 

15 IS 

6 

18 4 

4 

5 

064 

17 6 

4 

281 

5 

10 5 

16 0 

T L 

28 1 

5 

105 7 

3 

15 

5 2 

45 7 1 

3 

105 7 

3 

602 

12 0 

T L 1 

23 7 

6 

14 9 ! 

5 

8 

1 1 

18 0 1 

9 

20 4 

6 

24 

25 

T L 

24 2 

5 

5 7 

5 

■9 

3 1 

13 3 

9 

24 2 

5 

10 9 

32 

M D 

110 

4 

451 

4 


1 23 

37 4 

2 

45 1 

4 

77 

34 

H G 

20 0 

3 

16 9 

3 

■n 

WlM 

13 9 

11 

215 

5 

76 

10 0 

H G 






HI 

7 S 

6 

251 

5 

17 6 

22 0 

H G 

23 5 

2 

15 3 

4 

5 


7 7 

5 

22 6 

5 

14 9 

90 

H C 

31 6 

3 

mMMfM 

3 

! 15 

Hel»9 

120 3 

2 

101 1 

2 

19 2 

6 4t 

F 0 

56 

4 

mwm 

4 

! 10 

BlicH 

13 7 

5 

24 6 1 

5 


15 0 

F 0 

217 

; 3 


2 

, S 


1 57 

1 4 

1 15 9 

1 6 


21 

F 0 


1 

1 

HI 


i 

1 

n 

1 32 6 

1 11 

: 55 4 

1 3 

1 

22 8 

46 


* Difference in 1st two unne sugars divided by units in Column A, 
t Column C divided by Column B 

j Protamine msulm used, unitage equivalent confinned by difference in fasting blood sugar 


Umtage effect of oral uisulin 

Table III shows a number of estimations of 
the effect of oral msulin m terms of subcutaneous 
insulin This was accomplished m the following 
manner From a change m subcutaneous msulm 
alone, wherever adjacent penods could he ob- 
tained for the purpose, the difference was found 
in the unne sugar at the higher and the lower 
levels of subcutaneous msulm This difference 
m grams was then divided by the number of units 
by which the tivo penods differed, for example, 
with subject T L a change m subcutaneous m« 
suhn amounting to 5 units occurred between two 
adjacent penods, one represented by six days, the 
other by four This difference amounted to 3^5 
grams This figure divided by 5 gives the value 
under Column B, namely 0 64 gram reduction 
per I U of subcutaneous msulm This test was 
immediately followed by a test with oral msulm 
m which there ^vas a change due to the oral m- 
suhn of 10 5 grams It is therefore reasonable 
to infer that the dose of oral msulm had a pro- 
portionate effect on unne sugar This is found 
by dividing 10 5 grams by 0 64, which gives an 
equivalent of 16 subcutaneous umts 

All of the other tests are calculated m the same 
manner, and it will be observed that the largest 
effect m terms of subcutaneous msulm was ob- 
tained with patient H G , who in a period of six 


days on oral msulm showed a reduction in unne 
sugar amounting to 17 6 grams In a previous 
test, from a change m subcutaneous msulm 
amountmg to 4 umts there was a reduction m 
unne of 0 77 grams per umt Dividmg 17 6 
grams' reduction by 0 77, we get the effect pro- 
duced by oral msulm If this degree of effect 
could be regularly obtained with diabebc patients, 
the oral method would be of considerable sig- 
nificance, espeaally m mild cases 

It was hoped that the fasting blood sugar 
change might also be made the basis of calculation 
of umtage effects, but this proved to be disap- 
pointing on account of the great vanabihty m the 
behavior of the fasting blood sugar In one case, 
patient H C , who was getting protamine insulin, 
it was possible to calculate a umtage effect from 
the change m fasting blood sugar, both from a 
change of subcutaneous msuhn and from the 
change produced by oral insulin The figures 
calculated from unne sugar change and fasting 
blood sugar change agreed veiy well 
The range of umtage effect with any smgle pa- 
tient was disappointingly large , for example, with 
subject T L m the later penods of study the 
umtage effect was only m the neighborhood of 2 
to 3 umts, whereas at the begmmng of the study 
wth him the eqmvalent effect 'was, in two penods, 
16 and 12 umts, respectively Also with subject 
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TABLB IV 

Exndena oj tncr eased combusiuirt of tlucose from respiratory tnetabolum of F 0 


D»le 1 


1 UCOi 1 

per 

boor 

1 L.Oi 

boui 

Re*piis> 

tory 1 

qooUent 

CaWks 
per 1 

boor 

C«k)d«a 
Iron caibo* 1 
bydiste* 

Extra gin 
cofebttmed 
per booi 

1939 


HI 





trowu 

February 28 

Basal 


999 

094 

49 7 

40 17 


After 200 mtcrnaUomil units 
oral insulin 

bihh 

10 2S 

1 13 

53 16 

51 73 

306 

March 2 

Basal 


10 27 

0 87 

50 19 

28,85 



After 400 mtcTTiaUoaal units 
oral lufulin 

11 ll 

10,51 

1 06 

53 69 

53(W 

6 39 


F O the uiutagc effect ranged from 2 to 15 umts 
of subcutaneous insuhn 

Evidence of increased contbusiwn 

On several occasions basal metabolisms ^^e^e 
determined on four different patients m the group 
of twelve listed m Table II With only one of 
these, however, \vas there definite evidence of in 
creased combustion after a dose of oral insuhn 
Two tests on this patient, F O are given m Ta- 
bic IV The experiments on February 28 and 
March 2 were performed m identical manner, ex- 
cept that m the second test tivice as much oral in- 
sulm was given as in the first A basal period 
was obtained early in the morning before break- 
fast and immediately thereafter the dose of in- 
sulin was giveru One hour later another rcspira 
tory metabohsm period ^vas run exactly m the 
same manner as the basal The results show m 
these two teats a nearly proportional effect as 
between 200 and 400 units of insulm adnumstered 
orally For the purpose of such respiratory me- 
tabohsm expenraents the usual carbonate mixture 
was replaced with a Sorensen phosphate buffering 
solution, giving a pH of 10 With the carbonate 
mixture there might be a chance that mcrcascd 
carbon dioxide m the expired air had come from 
the carbonate mixture. The phosphate buffenng 
solution with this particular patient favored the 
absorption of msuhn quite as well as did the car- 
bonate buffer of the same pH It is intcrcsticg 
also to note that m this particular patient, F O 
the phosphate buffenng solubon raised the carbon 
dioxide combmmg power of the blood Conse 
quently, the actual effect of the oral insuhn on 
combustion was somewhat greater than mdicated 
m the last column Observe that the pnnapal 


effect, notw ithstanding mereased combining power 
was upon the CO^ expired rather than on the O, 
inspired and that respiratory quotients higher 
than 1 0 were obtained They arc not non protem 
respiratory quotients, however, and therefore no 
inference can be drawn regarding fat formation. 

It IS surmised that, m the several tests on other 
subjects which showed a good drop m blood sugar 
but failed to show increased combustion, there 
actually was some increase but that it ivas masked 
by the increased alkalinity of the blood holding 
back carbon dioxide produced from the extra 
combustion Another possibihty is that tlie re- 
duction of blood sugar was caused entirely by in 
creased glycogen formation 

DISCUSSION 

The only clmical work with which this investi- 
gation can be compared is that of Lasch and 
Schonbrunner (9) These authors found m pre 
vious experiments (10 11) that aadic dye stuffs 
such as Congo red and tiypan red would com 
pictely protect insulm from the destructive effects 
of pepsin, and that basic dyes such as malachite 
green and rhodamme would protect it equalty 
against digestive destruction by trypsm Accord 
uigly for their human expenraents they com- 
bmed these protective agents ivith dry insulm in 
a lacquer-covered tablet. Saponm also (Merck 
and Company) was mcluded as a surface tension 
lowering agent designed to promote absorption 
Smee experiments on normal human subjects had 
proved that none of the adjuvant substances ^vas 
harmful and that blood sugar lowering could be 
obtained, the authors proceeded to treat human 
cases of diabetes m several clinics with such ta3>- 
lets (composition not stated) "Only 
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axy cases were selected, the status of whose me- 
tabolism had been estabbshed regularly over a 
suffiaently long fore-penod, and with whom a 
post-expenmental observation penod appeared to 
be possible ” Results were m hand on more than 
forty cases at the time the cbiucal report was 
written Only eight, however, are represented 
m the graphs, and no tables are presented 

Marked reduction of (fastmg^) blood sugar 
and reduction of urine sugar to the vamshmg 
point or maintenance at low levels by means of 
oral insuhn, are illustrated in all of the eight cases 
The authors rely upon mcreases of body weight 
as proof of the non-mterference with digestion 
and absorption of food by the protecting dye- 
stuffs This at best is hazardous and m the pres- 
ent instance proves quite mconsistent with the 
dietary record For example, m one case (Num- 
ber 5) the standard diet ” is descnbed as “200 
grams meat, 50 grams butter, 2 eggs,” and con- 
tains 50 grams of carbohydrate From these ar- 
ticles alone the patient weighing 63 kgm received 
only 910 calones, and dunng the first three days 
of the chart (without insuhn) lost an average of 
70 grams of glucose in the unne, or approximately 
266 calones Yet dunng this penod she gained 
in weight * Dunng the next six days with subcu- 
taneous insulm the unne became sugar-free, but 
the weight did not change I 

Another case (Number 3), weighing 61 kgm , 
on a standard diet “with 200 grams meat, 50 
grams fat and 50 grams carbohydrate” during 
the first ten days of the chart (without insuhn) 
excreted an average of 73 5 grams of glucose but 
had no acetonuna, and the weight ended where 
it started The diet descnbed would supply only 
845 calories, of which 278 calones were lost in 
the unne daily 

It would seem that the favorable changes in 
weight wth oral msubn must have been caused 
by constituents of the diet not descnbed How 
can the authors convince themselves from such 
data that digestion was not interfered with, or 
the reader be assured that a great deal of the 
reduction m unne sugar was not due to partial 
fasting caused by such interference? No exam- 
mation of the stools seems to have been made 

If trypan red and malachite green protect m- 
suhn from digestion m the ahmentary tract, why 
do they not also protect other proteins from di- 


gestion, especially as the tablets were given after 
breakfast and one hour before the mid-day and 
evemng meals and never on a completely empty 
stomach ^ 

From unpubhshed expenments in this labora- 
tory with trypan red admimstered to dogs with 
insuhn and hexylresoranol, no additional effect 
has ever been obtained Furthermore, after sev- 
eral doses of tiypan red the dogs exhibited red- 
staimng of the sclera of the eyes, skin and toe- 
nails, and they did not become entirely free from 
this coloration for a month or more 

The authors’ expenence with saponm as a pro- 
moter of absorption is completely at variance with 
that of Samek (12), Dingemanse and Lacqueur 
(13), Walton and Bassett (14), and with this 
laboratory (15) In our expenence saponin 
placed directly in the intestine of an anesthetized 
dog with insuhn interferes with absorption more 
often than it aids it, as judged by the effect on 
blood sugar For example, in a recent senes of 
twelve expenments, only one seemed deadedly 
to enhance absorption, two were doubtful, \ e just 
on the edge of sigmficance, and nine indicated 
definite mterference with absorption Lasch and 
Schonbrunner state that their tablets without sa- 
ponin had no effect at all 

Not all of their cases (percentage not given) 
gave a therapeutically recognizable effect and ap- 
parently the authors attnbute this failure to an 
msufficient dosage of sapomn to produce absorp- 
tion Those who did respond favorably gave un- 
mistakable lowenng of blood sugar and unne 
sugar and favorable effects on body weight as 
well as general cbmcal condition 

The results obtained from the present investi- 
gation parallel those of Lasch and Schonbrunner, 
except for the magnitude of the effects, judging 
by the few which they disclose In our study, 
however, we are certain that there was no inter- 
ference with digestion suffiaent to cause loss of 
nutnenta by the stools Since this work started, 
it has been shown m our laboratory ^ that hexyl- 
resorcinol does interfere with the proteolytic ac- 
tion of pepsin, trypsin and erepsin, but the effect 
in vivo must be quite fleeting so far as digestion 
of food protems is concerned We have pur- 


2 These results were obtained by Mr R L Driver and 
will be published later 
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posely limited the use of adjuvant substances to 
the point where the over all digestion in twenty- 
four hours was demonstrably normal 

SUMMASY 

1 Twenty cases of human diabetes of varying 
degrees of seventy have been employed m this 
study of the effects of hexyl rcsoranol and a buf- 
fering mixture of salts on the absorption of in- 
sulm from the alimentary tract 

Z The ** standard dose " was 100 I U pure 
insulin in a solution contaimng 0125 per cent 
bexylresoranol and alkahne salts necessary to gpvc 
a pH of approximately 10 to 10 5 

3 As many as eight such standard doses can 
be given m one day without interference with 
total djgesbon, the last dose being administered 
not later than 11pm and the twenty-four-hour 
unne penod closmg at 7 ajn Diets were kept 
constant for control and experimental penods, 

4 Detailed results on unne sugar for twenty- 
four hours, and blood sugar change early m the 
mommg from the first dose of oral insulin, are 
presented for the twelve cases who reacted most 
favorably These show weighted average effects 
on unne sugar varymg from 4 7 grams to 177 
grams per twenty-four hours below the average 
excretion m control periods The blood sugar 
effect from the single dose, again as a weighted 
average, vaned from nothing (Case H. C ) to 60 
mgm per cent in forty five minutes (F O) The 
total ms uhn per twenty four hours vaned from 
200 or 300 I U to 800 I U The effects on unne 
sugar were not proportional to dosage, often bemg 
as great with 200 to 300 I U as with 600 to 800 
I U Greater effects were obtained when unne 
sugar and fasbng blood sugar were high than 
when they were low 

5 The equivalent umtage effects of oral insuhn 
m terms of subcutaneous (regular) insulin vaned 
from 211 U to22I U the average of five 
cases m which this assay ^va3 possible bang for 
all doses of oral msuhn just under 10 I U of 
subcutaneous insulin, 

6. In a single case it was possible to make out 
an effect nearly proportional to a dose of oral 
insuhn, and m this case also to demonstrate an 
effect on respiratory metabohsm which could be 
calculated m terms of glucose oxidiied. 


7 These results are only mildly encouraging 
to the hope of adequate control of diabetes mel- 
litus with oral insulin 

CASE ABSTRACTS 

T L, A 23-ycar-old white male found to have diabetes 
racllitus m 1930. Diet at home previous to admlinon 
caJoncs, 2083 protein, 78 fat, 101 carbohydrate, 201 
With insulin tx. 30-20-28. Admitted for metabolic study 
December 26, 1937 Placed on diet as follows calories 
2075, protein 80 fat, 100 carbohydrate, 200 Coo 
tinned on this diet through the adnunlitrabon of oral m 
sulm. Subcutaneous insuhn before oral started, 2S-5- 
5-10. On February 6 diet was increased to calories 
2558 protein, 80, fat, 123 carbohydrate, 265 Coo 
tinned on this diet as oral was again started March 2 
1938, Subcutaneous msulin before oral, 14-12-12-10 
Discharged and returned May 27 1938 to re-enter dia 
bctK study Diet oi follows calories, 2558 protein, 80 
fat, 123, carbohydrate, 265 Continued on this diet 
through oral administration. Subcutaneous insulin be- 
fore oral, 30-0-12-6. 

II D A 20-y car-old white male. Known diabetic 
since 1931 Insulin at home just previous to admission 
December 27 1937 not recorded Last record of msulm 
taken at home that is stated m history was October 30 
1936, when pabent was discharged from hospital oc 3500 
calones with iirotamioe insulin 30 units and regular m 
sulm 25 units a.c. breakfast Admitted for diabcbc study 
December 27 1937 Placed on following diet calorics, 
1850 protein, 65, fat, 90 carbohydrate^ 182. Continued 
on this diet although there were several slight changes 
due to addition of orange juke for msulm rcacbon. 
SubcuUneous insuhn before oral started, 20-5-^10 

H G This 42 year-old white male had first symptoms 
of diabetes m 1928 at the age of 32 years. Diet at borne 
previous to admission calones, 1646, protein, 70 fat, 80 
carbohydrate; 150 with msiiHn s.c. 35-10-^35 Admitted 
for metabolic study February 16, 1938. Placed on fol 
lowing diet calones, 2150 proton, 76 fat, 105 carbo- 
hydrate, 210 Ccnbnned on this diet until admmistrabon 
of oral insuhn. Subcutaneous msulm before oral stated, 
12-10-12-10 Discharged April 3 1938 to return m one 
week or ten days. Re-admitted for diabetic study April 
19 1938, Placed on same diet as ra previous study 
calones, 2150 protein, 76, fat, 105 carbohydrate, 210, 
Contmued on this diet through oral administration. Sub- 
cutaneous msnlm before oral started, 15-10-12-10, 

J H A 21 year-old white male who was first found 
to be a diabcbc at the age of 10 years. Diet at home 
previous to admission calones, 2060 protein, 80, fat, 
100 carbohydrate, 196 with msulin s,c. 40-0^ Ad 
mittcd for diabcbc study February 16, 1938, Placed on 
following diet calones, 2050, protein, 75 fat 100, 
carbohydrate, 198, Conbnued on this diet with the ad 
numstrabon of oral insalm. Subcutaneous Insuhn before 
oral started, 14-12-10-6 

H C A 17 year-old white male first showed symp- 
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toms of diabetes m 1936 Diet at home previous to ad- 
mission calones, 2570, protein, 107, fat, 116, carbo- 
hydrate, 257 , with protamine msulm 40 units a c break- 
fast and regular msulm 20 umts sue. supper Admitted 
for diabetic study April 19, 1938 Placed on diet as fol- 
lows calones, 2570, protein, 107, fat, 125, carbohydrate, 
236 Contmued on this diet through the administration 
of oral msulm Subcutaneous msulm before oral started, 
protamine 15 inuts, regular 10 umts 

L F A 23-year-oId white male* First knowledge of 
diabetes m 1936 Diet at home previous to adrmssion 
calories, 2450, protein, 133, fat, 92, carbohydrate, 257, 
with msulm sc, protamme msulm 50 umts, regular m- 
sulm 10 units m the a m Admitted for metabolic study 
June 4, 1938 Placed on the following diet calones, 
2460, protein, 90, fat, 120, carbohydrate, 238 Contmued 
on this diet through the admmistration of oral msulm 
Subcutaneous msulm before oral started, 10-0-5-0 

T V A 16-y ear-old Italian boy £rst showed symp- 
toms of diabetes at the age of 12 Diet at home calo- 
nes, 2125, protein, 82, fat, 122, carbohydrate, 184, with 
protamme msulm 35 units, and regular msulm 15-0-20 
Admitted for diabetic study April 19, 1938 Placed on 
diet calories, 2020, protem, 82, fat, 100, carbohydrate, 
184 Contmued on this diet with admmistration of oral 
msulm Subcutaneous msulm before oral started, pro- 
tamme IS units, regular 10 units, later changed to pro- 
tamme 15 units, regular 25 umts 

F O A 34-year-old white male with diabetes of one 
year’s duration* Diet at home (a gap of eight months in 
history) not recorded Admitted for diabetic study Janu- 
ary 4, 1939 Placed on the followmg diet calones, 
1907, protem, 78, fat, 94, carbohydrate, 174 Final con- 
stant diet calones, 1980, protem, 78, fat, 107, carbo- 
hydrate, 177 Subcutaneous msulm before oral started, 

F F A 56-year-old white male who has been a known 
diabetic smee 1930-1931 Diet at home before admission 
1800 calories Insulm taken at home 25-0-15 Admitted 
for speaal study December 27, 1938 Placed on the fol- 
lowing diet calones, 1760, protein, 68, fat, 100, carbo- 
hydrate, 147 Final constant diet before oral admmis- 
tration calones, 1764, protem, 69, fat, 100, carbohy- 
drate, 147 Subcutaneous msulm before oral, 30-0-15-0 

F I A 57-year-oId white woman, a known diabetic 
for ten years Diet at home 1600 calones Protamme 
msulm daily at home, 25 umts Admitted for study 
June 6, 1939 Placed on the following diet calones, 
1646, protem, 62, fat, 80, carbohydrate, 158 Contmued 
on this diet through diabetic study Subcutaneous insuhn 
before oral started, 10-0-0 

E W A 32-year-oId Negress, a known diabetic for 
nme years Protamme msulm (taken at home) 30 umts, 
regular insulm 10 units, a-c. breakfast daily Adnutted 
for diabetic study June 6, 1939 Placed on followmg 
diet calones, 1230, protem, 60, fat, 70, carbohydrate, 
135 Continued on this diet through study Subcu- 
taneous msulm before oral started, 25-10-10 

fF F A 47-year-oId minister who apparently had had 
diabetes for about nme years Diabetes first discovered 


three years ago Regular insulm, 25 umts daily, at home 
(History does not state when this was taken ) Admitted 
for study June 23, 1939 Placed on followmg diet calo- 
nes, 2120, protem, 70, fat, 105, carbohydrate, 210 Con- 
tmued on this diet; through diabetic study Subcutaneous 
msulm before oral started, 25-0-0 
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BRONCHI 'VL C^LIBRL CHANGES IN BR0\CHICCT-\SIS 
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(/ runt llu I) tHirimati of Kcscanh Surgt.r\ Tlu Ohio iilatc Unnvr4U\ Colttutbns) 
(Rcce:\cd for publication 3 1940) 


The inodcni letulcna to phu for lobcctoim 
upon a diagiiobts of bronchicctabib ( 1 to 9) inakcb 
It iiiaiuhton that \\c pOi>i>ei.b as much knowledj^e 
jiossihlt alx)ut the condition 
Since the disease is one of tlic bronchi and 
bronchioles these structures liecomc of marked 
interest to us It is known tliat the calibre of 
normal bronchi increases at the end ot inspiration 
and diminishes at the end of expiration ( 10) and 
at the end of cuuginng That there is to some 
extent nervous control of these calibre changes 
has also beem demonstrated (U) Stimulation 
of the \-agus constricts the bronchi and bronchi 
oles and stiiiuilation of the svmpathetic ncncs 
dilates tliem (12 13) B\ vxigal irritation m the 
bronchial mucosa tlie cough reflex is initiated 
Patliological imcstigations lia\e showai fairly 
constant cliangcs m established bronclucctasis 
There is l>inphoc\tic infiltration of all the layers 
of the bronchial wall There arc ulcerati\e 
changes in the mucosa and destruction of tlie 
flexible elements namely the muscle cartilage and 
elastic fibers m the bronchial uxUl Tlie re is also 
a transfonuation of the nonnal columnar ciliated 
qiithclium of tlie mucosa to that of stratified 
s<juamous cpithchum (14) As m tissues else 
where m the bod\ tlie destroved clastic elements 
are replaced h} fibrous tissue (15) The mucosal 
clianges cause loss of the cough reflex Tlic 
pathological changes in the bronchial svalls pro 
ducc loss of tone and stagnation of infected secre 
Uons resultuig m the gross picture of dilated or 
tubuUr broiidn and saccular bronclnoles filled 
with purulent material The secretions cannot be 
coughed up until they overflow onto normal mu 
cosa where the cough reflex can be imtiated Con 
sideration of the above pathological and ph\sio 
logical changes has led to the conclusion tliat they 
are irreversible and that only removal of the in 
tolvcd lobes would affect a cure (2 15) 

The introduction of iodized oil (Iipiodol La 

1 This work was aided by a grant from tlic Comly 
Fimd for Research of the Ohio State Umversity 


fa) ) b) Torestier and Sicard (17) and the simple 
method of instillmg it into the bronchial tree 
originated by Sipgcr (18) made it possible to 
uutlnie tilt air fiassages with ease Taking ad 
vaintagc ot tins method Hcinhecker (10) in 1927 
studied the calibre changes ni the bronchi ot hu 
mails and animals dunug nonual respiration He 
found as mentioned abo\e that the bronchi and 
hronthioles widened at the end of inspiration and 
narrow etl at the end of expiration These 
tliangcs occurred even when the lungs were re 
moved from the influence of the nervous sjstcni 
He explained the narrowang and widening on a 
passive basis as resultants of linear and radial 
tractions the character and relati\e degrees of 
vvhicli are determined b> the manner of enlarge 
ment of the thoracic cavity dunng respiration 
It occurred to the autlior that the bronchi of in 
dividuals with bronchiectasis could be similarlv 
investigated One nonnal individual and four 
pauents wnth established bronchiectasis thus stud 
died are presented m this report 

METHOD 

After instillation of the loducd oU by the Singer 
method, the bronchial tree in the affected lobe was ex 
anuned under the fluoroscopc for calibre changes on 
deep inspiration and deep cxpirahon. For permanent 
records, x ra\ films were taken while the breath was 
being held at these extremes of rcspiratiou. All radio- 
graphs were taken at a constant distance, three feet and 
all exposures made veo QxncU^ to avoid the effects of 
motion m the films. Suitable markers were placed on 
the plates to idcntif> the phases of respiration with which 
they were assoaated, 

RESULTS 

For tlie purposes of companson vvitli the find 
mgs in the patients wnth brondiiectasis nonnal 
mdividuals were first studied in tlie above man 
ner One sucli normal subject is prescntetl (Fig 
lire 1) It can be seen m his bronchognuns tliat 
tlie bronchi and bronclnoles arc largest at deq) 
inspiration and smallest at deqi expiration In 
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Fig 1 Bronchogram^ of Region of Right Lower Lobe in a Normal Indimdual 
No 1-a taken at the end of deep inspiration Radiograph No 1-b taken at the end of deep expiration W\ 


the bronchi and bronchioles in 1-a are decidedly larger 
the indicated bronchus at expiration is about one-third 

order for this to occur, the elastic elements in the 
bronchial walls must be intact 

Cases with ‘ wet ” bronchiectasis were then 
studied in a similar manner to determine the re- 
sponse of the diseased bronchi and bronchioles 
Short histones with the results of the investiga- 
tion in two such cases follow 

E G This 19-3 ear-old white bo3 was first seen in 
the Thoracic Surgef} Clinic at the Universit}^ Hospital 
in October, 1939 Fifteen 3 ears prior he had had ‘pneu- 
monia ’ and since then he had had a chronic cough pro- 
ductue of large amounts of foul, purulent sputum He 
had consumed a large amount of cough S3rup during 
these 3 ears, without relief Upon examination^ there 
were heard numerous coarse rales in the left lower chest 
Clubbing of the fingers and toes was present The breath 
was foul The sputum was negatue for acid-fast or- 
ganisms Bronchograms after lipiodohzation showed 
tubular and saccular bronchiectasis m the region of the 
left lower lobe When studied according to the method 
of Heinbecker, the affected bronchi did not change in 
calibre at the inspiratoo or expiratory extremes of 
respiration (Figure 2) The normal bronchi abo\e the 
affected region, however, did respond in the ph3siological 
manner This patient is being prepared for lobectomy 


Arrow points to the same bronchus in both Note that 
the diameter of that on inspiration 

bv repeated postural drainage and therapeutic lipiodohza- 
tions 

R 4 This 19-year-old white girl was first seen iii 
the Thoracic Surgery Clinic at the Universit3 Hospital 
ni November, 1939 She had had a chronic cough, pro- 
ductive of large amounts of purulent sputum since child 
hood Recently she had begun to have occasional at- 
tacks of hemoptysis and, therefore, had been hospitalized 
in a tuberculosis sanatorium Repeated examinations of 
the sputum were negatue for acid-fast bacilh Upon 
examination in the chnic there were found coarse moist 
rales over both lower lobes, poor motion of the chest 
upon respiration, clubbing of the fingers and toeSj and 
signs of weight loss Fluoroscopic and x-ray examina- 
tion, after injection of the bronchial tree with hpiodol b> 
the Singer method, showed tubular and saccular bronchi- 
ectasis in both lower lobes There was no change in the 
calibre of the bronchi or bronchioles in either lower lobe 
upon deep inspiration or deep expiration The broncho- 
gram of the right lower lobe is shown in Figure 3 Since 
the patient is sensitive to iodine she is being prepared for 
bilateral lower lobectomy by postural drainage If pos- 
tural drainage does not rid her of the infected secretions, 
x-ray therapy will be used to ‘ dry ’ her bronchiectasis 

From the above it became apparent that these 
diseased bronchi are incapable of the nonnal cali- 
bre changes Some still cling to the belief that 
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\o, 2 a taken at the enJ of deep inspiration and No. 2 b at the end of deep expiration Kote absence of 
change in calibre of bronchi and Iironchiolcs at the two extremes of respiration. 



Fig, 3 Bkonchocuaxih of Retion of the Right Loweh Lobe in a C\se of Cilatfjlal ”Wet Tubulab akh 

Saccvlab Broncuizct \sis 


No 3-a taken at deep inspiration and No 3 b at deep cxpiraUon There is no change m the calibre of the 
affected bronchi at these phases of respirabom 
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Fig 4 Bronchogram of Left Lower Lobe a Ca.se of Dry ” Bronchiectasis 
No 4-a taken at deep inspiration and No 4-b at deep expiration There is no change in calibre of the af- 
fected bronchi at the extremes of respiration, but the normal bronchi in the upper part of tlie lobe do show the 
expected changes (arrows) 


b} making cases of bronchiectasis symptom-free, 
cure lb effected To determine whether such is 
tlie case, individuals made dry by conservative 
measures uere studied in the manner described 
tor those with ' wet'" bronchiectasis Two of 
these, w ith results are presented 

] C This 26-> ear-old white man was seen on the Re- 
scardi Surgical SerMce at the Lnnersity Hospital in 
Ma\, 1939 He had a histon of cough productue of 
large amounts of purulent sputum of twenty-two > ears' 
duration He could not remember a predisposing illness, 
but had been bothered with chronic sinusitis all his life 
Examination re\ealed coarse, moist rales in the right 
lower lobe The sputum contained no acid-fast bacilli 
Bronchograms showed tubular and saccular bronchiec- 
tasis m the lower part of the left lower lobe ith daily 
postural drainage and bimonthl> tlierapeutic use of li- 
piodol he became dr\ " in three months Fne months 
alter becoming dry he was studied according to the 
method ot Heinbecker \hhough he was s>mptom-free, 
diere was no morphological impro\ement and the dilated 
bronchi and bronchioles did not change m calibre at the 
extremes of respiration Ho\\e\er, the unaffected bron- 
chi in the upper part ot the lobe responded in the normal 
manner (Figure 4) This patient is to haAc a left lower 
lobectomi when his sinusitis is corrected 


H M This 24-3 ear-old white boy was made ‘^dry" 
by treatment and had a right lower lobectomy for bron 
chiectasis in 1938 On subsequent examination after in- 
stillation of lipiodol, it was found that the bronchi of 
the right middle lobe, which had expanded to fill the re- 
sidual space were also ectatic He was, nevertheless 
SATTiptom-free Evidently because of inadequate visu- 
alization of the entire bronchial tree, before operation, 
this imohemcnt was not recognized When studied bj 
the Heinbecker method there was no cliange m the calibre 
of the affected bronchi or brondnoles (Figure 5) He 
is at present being treated by means of hpiodol e\er 3 
two months and precautions are taken to prevent upper 
respiratorj infection He will eventually need to have 
a lobectomy of the right middle lobe 

Apparently, there is no nnprovenient in the 
morphological appearance or m the physiological 
reaction of the affected bronchi when the bronchi- 
ectasis IS made ^ dry "" and the patient symptom- 
free 

DISCUSSION 

The conclusion arnved at by Biemier ( 14) and 
Warner (16) from their respective pathological 
and clinical observations was that the changes ex- 
hibited m bronchiectasis are irreversible when 
managed by conservative measures Their con- 
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Fig 5 Buonciiocjlvm of Right Lowe* Lobl in v C \^e of “Da’i B ronc niter ^<113 i\ \\Hoii the Right 

Lowfb Lobe Has Been Removed 

No. 5 a taken at deep inspiration and 5 b at deep expiration. No change in the caJibrc of the affected 
bronchi can be seeiE Note howc\cr the cliange m calibre in the normal bronchus (arrow ) 



tenfaon IS further borne out by these studies 
The persistent tubular and saccular ectasia of the 
bronchi as uell as their inabiht} to respond nor- 
mally at the extremes of respiration in tlic cases 
of bronchiectasis made dry b\ treatment is 
clear evidence that tlie patliology remains un- 
clianged when symptomatic improvement is ob- 
tained 

It IS beheved tliat no matter wliat initiates the 
senes of events leading to the final picture of 
bronchiectasis there must be an mfection of the 
broncliial vvtULs a broncliitis preceding the final 
destructive process It may be tliat tliere is a 
pliase before destruction of the flexible tissues 
becomes marked where tlie condition is still re 
versible Oclisner (19) reported four cases in 
wluch he obtained morphological as w ell as symp- 
tomatic cure and Berck and Hams (20) reported 
some cases in which they not only obtained symp- 
tomatic improvement but shrinkage of the dilated 
bronchi Tlie former used postural drainage and 
repeated treatment with hpiodol and the latter 
us^ Roentgen irradiation as the metliod of 
management 


It has not been tlie good fortime of the author 
to obtain sucli ‘ early cases of bronchiectasis 
for study It is possible that the ectatic bronchi 
and broncliiolcs in such cases might become nar 
rower in calibre upon deep expiration and wader 
upon deep inspiration By tins metliod of study 
It would be possible to select certain cases for con 
secvTitive management instead of prepanng them 
for lobectomy as is now customary m well 
established cases 

CONCLUSIONS 

1 The calibre changes 111 the bronclu of nonnal 
individuals and in cases of wet and dry 
bronclnectasis were studied by tlie method of 
Hcinbecker 

2 Whereas the unaffected bronchi were found 
to be dilated upon inspiration and constricted upon 
expiration the affected bronchi m tlie wet cases 
did not cliange m calibre. Particularly notable 
was the lack of constriction on deep expiration 

3 The affected bronchi and broncliioles m tlie 
case of bronchiectasis made dry retained their 
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ectatic state and hkewibe did not change m calibre 
at the extremes of respiration 

4 Ihese studies lend evidence to the opinion 
that well-established bronchiectasis is irreversible 
and that surgery is indicated for cure 

5 It is suggested that by this method early 
cases, in ^^hlch the marked destruction of the 
flexible elements of the bronchial walls has not 
^et occurred, might be recognized by the fact that 
the bronchi remain capable of changing in calibre 
at the extremes of respiration Such cases could 
be treated conservatively instead of surgically 
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The hteraturc dcabng with the age at onset of 
rheunmtic disease is confusing to the reader 
There 13 not only lack of agreement among the 
vanous authors with respect to the age at wluch 
the disease is most likely to appear, but also the 
evidence presented m support of the varying con 
elusions 13 not convincmg (1 to 23) The pub- 
bshed data on this subject are open to cntiasm 
because m most instances they have one or more 
of four mam defects 

1 The data are restneted to a consideration of 
only one of the vanous mamfestations of the dis- 
ease. Rheumatic disease mamfests itself m a va 
nety of forms and the age selection is by no 
means similar for all syndromes so that data 
which are restneted to a consideration of only one 
raamfestation do not give a true picture of the age 
selection of the disease as a whole. 

2 The data arc obtamed from the analysis of 
groups of cases whicli are, m themselves age hm 
ited For this reason the age of greatest suscepti- 
bihty is found by the pediatnc chmc to be m child- 
hood while clmics with an adult chentele report 
the maximum incidence to be in adult hfe. 

3 The data are based upon the occurrence of 
acute attacks of the disease without reference to 
whether the attack represents an onset or a recur- 
rence. Rheumatic disease is generally regarded 
as a chrome recurrent condition The age sclec 
tion of the disease should, therefore, be deter- 
mined on the basis of the age at which the dis 
ease had its onset, and this, with our present diag- 
nostic standards, is m most instances approxi- 
mated by the age at which it first became clinically 
mamfest 

4 The analysis deals with the age at onset of 
the disease without reference to the universe from 
which the cases are drawn In other words, no 
consideration is given to the age distnbution of 
the population at risk from which the cases ansc 


It 13 not a simple matter to obtain data on rheu- 
matic disease free from all of the above defects 
At the present time no satisfactory data arc avail- 
able relative to the occurrence of the disease m 
the general population and because this informa- 
tion IS lackmg the age selection of the disease 
must be studied m particular groups of indi- 
viduals It 13 difficult to obtain such a group 
with any certamty that it is not biased in some 
form The question of the age selection of the 
disease is, however of suffiaent importance to 
ment further investigation The purpose of this 
paper is to present and discuss the results of a 
study of the age susceptibility to rheumatic dis- 
ease based on certam information collected in the 
(Hardiac (3inic of the Hamet Lane Home. 

IIATEBIAL AKD METHODS 

The data upon which this report is based were ab- 
stracted from the medical histones of 96 consecutive 
admissions of white children to the Cardiac Ciinic of 
the Harriet Lane Home because they were suffermg from 
tome rheumatic mamfestation. These histones mchidc 
a careful epidemiological study of the immediate famihes 
of these children and the families of their parents so 
that mfonnation is available regardmg the occurrence of 
rheumatic disease m the patients and their siblings, par 
ents, grandparentJ uncles and aunts. The children who 
were admitted to the clime suffcruig from the disease, 
and who wcTC responsible for the inclusion of thar re- 
spective families m the study arc denominated **nidcx 
cases ” to distinguish them from their relatives who cn 
tcred the study because of thar relationship to these 
Farh mdex case, therefore, must, by definiUon, 
have had an attack of rfacumaUc disease during childhood. 
Such is not the case with thar relatives who may or may 
not have had rheumatic disease. 

In this study as m the four preceding ones (24 to 27) 
an attack of rheumatic disease was defined as other 
Chorea, Rheumatic Polyartlintis (Rheumatic Fever) or 
Rheumatic CardiUs, or some combination of two or more 
of tlicse three syndromes. 

The following information is available each 
of the index cases and their near i ) 
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informant (usually a parent of the mdex case) 
may not only fail to remember illnesses among his 
sibhngs but may also forget his own, particularly 
those which occurred m early hfe This can 
have two effects ( J ) Cases which have their on- 
set early in hfe may not be reported, and (2) a 
recurrence may be called a first mamfestation, 
which means that it is recorded as occurring at a 
later age than the actual onset of the disease 
The tendency of this error is, therefore, to de- 
crease the number of cases with onset early in hfe 
and to increase the number of cases with onset 
later in hfe 

The other mam error is due to the fact that fol- 
lowmg the dispersal of the family group by mar- 
nage, etc , other members of the family may have 
developed the disease unknown to the mformant 
The effect of this error is to reduce the number 
of cases with onset in adult hfe These two er- 

i a are inherent m this method of collecting in- 
formation, their tendency, however, would be to 
counterbalance each other In this study, in so 
far as possible, such errors have been reduced to 
a minimum The histones were carefully taken 
and checked, and about 70 per cent have been 
verified by hospital records 

The age at onset of rheumatic disease 

The age at onset of rheumatic disease has been 
defined, for purposes of this study, as the age 
at which the patient suffered his first attack with 
one of the three mamfestations (Chorea, Poly- 
arthntis, or Carchtis) Among the 971 members 
of this generation upon whom histones were ob- 
tained, 132 inchviduals had defimte histones of 
having some form of the disease, and in 115 of 
these the age at onset was defimtely stated The 
remaimng 17 were unable to give the age at onset, 
although the history of the disease was quite defi- 
mte This failure to supply complete mforma- 
tion was due partly to defective memory on the 
part of the mformant and partly to the fact that 
m some instances (10 of 17) the chsease was 
discovered as chrome rheumatic carditis without 
havmg shown chmeal evidence of the acute dis- 
ease at any tune The 115 m whom the age at 
onset was known are shown m Table IV by age 
and type of first acute manifestation The age 
at onset by smgle years of these 115 cases is also 
shown graphically m Figure 1 


TABLE IV 

Age at onset of cases of rheumatic duease occurring among 
the parents, uncles and aunts {one generation) of index 


Age 

1 

Total 

Type of firat manifealation* 

Chorea 

RhetunaUc 

poly- 

aithntis 

Rheu 

roatic 

cardltli 

Two or 
more lyn 
, drom^ 

4 years 

4 

1 

3 



5-9 

20 

6 

11 

1 

2 

10-14 

27 

10 

16 


1 

15-19 

12 

1 

9 

2 


20-24 

12 


10 

1 

1 

25-29 

16 


13 i 

2 

1 

30-34 

15 


14 ! 

1 ’ 


35-44 

9 


5 

3 

1 

Unknown 

17 j 

1 1 

6 1 

10 


Total 

132 j 

19 j 

87 

1 1 

20 

1 

6 


* Cases are listed here according to the manifestation on 
first attack of the disease The relationship between the 
type of manifestation on first attack and subsequent 
manifestations was 

Showing other typci 
of maoIfeiUtloas on 

Mooifestation on firat attack aubsetiuent attacks 


Chorea 18 cases 

Rheumatic polyarthritis 81 cases 

Rheumatic carditis 10 cases 


9 cases 
22 cases 
none 


t The onsets recorded here were 
Two cases of Chorea with Rheumatic Polyarthritis at 5 
and 8 years of age 

One case of Chorea with Riieumatic Carditis at 10 years 

Three cases of Rheumatic Polyarthritis with Rheumatic 
Carditis at 24, 28 and 40 years of age 


A study of this table and figure indicates that 
in this generation individuals who developed the 
disease had their first mamfestations at all ages 
up to 45 years The onsets occurred most fr^ 
quently between the ages of 5 and 15 25 m 

35 years and there were fewer cases who bad ^ 
first dimcal manifestations between 15 and 2 


ars p . 

The syndrome by which the disease Nvas 
amfested varied with the age at onset n 
the 51 cases whose onset was under 7 
age the first mamfestation of the disease 
t attack of chorea, either alone or accomp^ea 
r rheumatic polyarthntis or rheumatic ^ » 

id in only one instance at this age ivas ® 
amfestation an attack of rheirni^ 
one The cases with onset after their iff 
ar showed a reversal of this picture, o y 
e 64 cases mamfesting itself first ^ 
bile 9 appeared first as rheumatic car ^ 

he nnrZr of cases whose onset was indicated 


age at onset in rheumatic disease 
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by an attack of rheumatic polyarthntis appeared 
to be uninfluenced by age. 

Ths age susceptibility of rheumatic disease 

The foregomg analysis has been confined to a 
consideration of the age at onset of those persons 
among the members of this generation who have 
already developed the disease and no considcra 
tion has been taken of the fact that all cases of 
rheumatic disease may not yet have mamfested 
themselves^ nor of the number of persons at risk 
at the vanous ages from which the cases arose. 
In order to compare the risk of developing the 
disease at different ages it is necessary to consider 
not only the actual cases which occur, but also the 
number of persons and the time penod during 
which they were at nsk of contracting the disease 
dunng each age penod In other ^vords, the 
cases must be considered m relation to the um- 
versc in which they occurred. 

The unit which has been used to measure the 
population at nsk during each age penod is 
“ person-years at nsk ’ and this unit is defined as 
1 person at nsk of developmg the disease for 1 
year To obtain this population each person was 
considered at nsk from thar third birthday and 
to have remained at nsk for a full year at each 
year of hfe down to the age at which the first of 
three possible events occurred (J) death, (2) 
onset of rheumatic disease, and (3) termination 
of observation. At this later age the mdividual 
was considered to be at nsk for one half year be- 
cause the mean rimt* of the occurrence of the 
event would fall midway between birthdaj^ 

The population at nsk, the cases having their 


TABLE V* 

Shewing th* poptdaium ai ruk the coms of rhtumahe 
dtstau mih onuis and tbt annual aitack raioj byai$iroups 
amonf one cfncronon undu and avnij) of ike 

famUtes of 96 rheumatic index cases 


Ate 

Fopulmtlon 
at rlik 

(petaoo-rean} 

Caeet of rbeo- 
□mtlc dlieaw 
(onteti) 

Amual 
rate per 

i.odo 

3-4 

1,890 0 

4 

2 1 

5-9 

4 607.5 

20 

4J 

10-14 

4,381.5 

27 

6.2 

15-19 

4 209J 

12 

Z9 

20-24 

3 991 0 

12 

30 

25-29 

3 627 0 

16 

44 

30-34 

3 129J 

15 

4.8 

35-44 

45-t- 

3 906.5 
1479J 

9 


Total over 2 years 

31 226 0 

115 

37 


* Tbe 17 cues of rheumatic disease in which the age at 
onset was unknown have been omitted from this table. 
The data, therefore refer to the experience of 954 indi 
viduals. 

onset and the annual attack rates are shown, by 
age groups, m Table V 

It will be noted that for this generation of rheu- 
matic famiUes the mean rate of inadence (onsets) 
at all ages is 3 7 per 1,000 per year The nsk 
of manifesting the disease for the first time rose 
above this mean during two age penods, from 5 
to 14 and from 25 to 34 years of age. The ma- 
dence was high after the fifth year of life and 
reached its maximum from 10 to 14 years of age 
to be follo^ycd by a significant dcchne dunng the 
next decade of hfe. Between 25 and 34 years 
of age the inadence was again 
mating the high rates noted m 1 

after the madence dechned * 

corded as having their onset ^ f 

In mtcipreting this latter 
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membered that the tabulations vnth respect to the 
older ages are based upon only a sample of the 
final experience of this generation at these ages 

SUMMARY AND CONCLUSION 

Various defects in pubhshed data relative to the 
age selecbon of rheumatic disease are discussed, 
and the results of a study on this subject, m which 
every effort was made to eluninate these errors, 
are presented 

The group for study was a generation of the 
famihes of 96 consecutive admissions because of 
rheumatic disease to the Cardiac Clinic of the 
Harnet Lane Home, and consisted of parents, 
uncles and aimts of these admissions (index 
Cases}, 

The accuracy of the data and vanous possible 
errors m the histones are recognized and dis- 
cussed 

The age at onset of llS cases of rheumatic 
disease occurring m the generation was found to 
fall most frequently between the ages of 5 to 14 
and 25 to [34 years 

The reldtive nsk of developing the disease was 
determmed by dividing the number of onsets at 
each age by the person-years at nsk for the corre- 
sponding age to obtain an annual madence rate 
This nsk was found to be greatest between the 
ages of 5 to 14 and 25 to 34 years 

Acknowledgment is made to Dr Kenneth Maxcy for 
assistance and advice m the preparation of this article. 
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ANTIBODY FORMATION IN CASES OF LOBAR PNEUMONIA 
TREATED WITH SULFATHIAZOLE 
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Early m 1940 wc pubbshed a report (1) on 
antibody formation m cases of lobar pneumonia 
treated wth snlfap 3 rndine. In mneteen treated 
cases of pneumococcus pnetunoma repeatedly 
studied during the acute phase of the disease and 
during convalescence, an excess of type specific 
antibody was only demonstrated m the serum of 
four In the past it has often been shown that 
spontaneous recovery from lobar pneumoma is 
associated, in the great majority of instances, with 
the appearance of an excess of antibody m the 
patient's serum and this phenomenon has been 
generally regarded as an essential part of the 
mechanism of spontaneously occurring cnsis 
Our failure to demonstrate anbbodies m fifteen 
out of mneteen cases suggested to us that sulfa- 
pjmdme had supplanted, at least to some degree, 
this portion of the immune process We did not 
beUeve that antibody production ceased to exist 
in treated cases but rather that it proceeded at a 
lower rate, probably because the stimulus to anti- 
body formation \vas lessened as a result of the 
action of the drug on the mvading orgamsm Our 
tcdmique for the demonstration of excess anti- 
body throughout the senes studied was the pre 
apitin reaction with type specific polysacchande. 

While this paper was m press, two similar stud- 
ies were pubbshed Wood and Long (2) re- 
ported the appearance of mouse protective anti- 
bodies m the scrum of ten out of eleven treated 
patients recovenng from lobar pneumonia but 
pomted out that m seven of these cases antibody 
appeared after the time of essential recovery ” 
Subsequently, Finland and his assoaates (3) re- 
ported a large senes of cases of pneumococcus 
pneumonia m which mouse protective antibodies 
and agglubmns were sought They concluded as 
a result of these studies that ** the antibody re- 
sponse of pabents with pncumococac pneumonia 
treated vnth sulfapyndme as far as could be de- 
termmed, was comparable m every respect to that 
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resulbng from spontaneous recovery” It will be 
observed that these results were not in accord 
^vith our findings None of these mvesbgators, 
however, used the same techmque as we did — to 
wit, the preapibn reacbom It is our bebef that 
the preapitm rcacbon, as Heidelberger and Ken 
dall (4) have pointed out, is probably less scnsi- 
fave than the other methods, but that it is more 
clear-cut and more specific. Unfortunately, at 
the brae our paper was wntten, wc had no control 
senes of our own in which untreated pabents 
were studied by the same techmque, although such 
was present m the bterature (5) As will be 
observed, the results which we obtamed m pa- 
bents treated with sulfathiarole as opposed to 
sulfapyndme, usmg preascly the same techmque, 
were almost diamctncally different and therefore 
consbtute a very satisfactory control of the 
method. 

Before sulfathiazole was mtroduced, eleven ad- 
dibonal sulfapyndme treated cases were studied 
in the same manner as those reported m the ongi- 
nal paper Including one doubtful reacbon only 
four of these showed prcapibns during convales- 
cence, Adding these to the ongmal senes, we 
have then a total of thirty cases of pneumococcus 
pneumoma treated with sulfapyndme of these 
twenty-two, or nearly seventy five per cent, recov- 
ered from the disease without the appearance of 
an excess of anbbody m the blood serum as dem- 
onstrated by the preapibn reacbon, 

'The chief purpose of the present commumca 
bon IS to descnTie the results which we obtamed 
when an exactly similar study was made of pa- 
bents treated "with sulfathiazolc, 

IfATEHIALS AND METBODS 

These were precisely the same as those em- 
ployed in the precedmg paper (1), and will not 
be desenbed in detail The preapibn rcacbon 
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With type-speafic polysacchande was employed 
throughout 

RESULTS 

The accompan3nng table gives our data on 
twenty-one cases of lobar pneumoma treated with 
sulfathiazole which were investigated serologically 
for the appearance of type-speafic antibodies by 
means of the precipitin reaction with specific 


polysacchande Altogether ten different types of 
pneumococcus pneumoma are represented It 
will be observed that arculating antibody was 
detected by this means in sixteen out of the 
twenty-one cases Of the five which failed to 
show antibody, two were type i, and three types 
IV, V, and xiv, respectively 
The time of appearance of the antibody is of 
considerable mterest Of thirteen cases m which 


TABLE I 

Type specific antibodies investigated m twenty-one cases of sulfathiasole-treated pneumonia 


Caac 

num- 

ber 


Afie 

Dura- 

tion 

of 

dlfieaae 

before 

treat- 

ment 

Type 

Lobe 

White 

blood 

cells 

Tern 

pcia- 

ture 

be- 

fore 

treat- 

ment 

Date 

treatment 

started 

Date 

temperature 

normal 

♦Prcdpltin teats 

Total 

dose 

aul- 

fathl- 

a£ole 

Remarks 

1 

M 

57 

1 day 

U 

LLL 

35 200 

P 92% 

104 8 

December 4 

December 5 

December 6 
December 8 
December 9 
December 11 
December 13 
December 15 
December 16 
December 18 
December 20 
December 23 

j 

H 

1 

00 

00 

00 

00 

M) 

1 

tt 

irami 

26 


2 

M 

21 

1 day 

xxU 

RLL 

36 800 

P 91% 

106 4 

January 24 

January 25 

January 26 
January 29 
January 30 
January 31 - 

February 3 - 

00 

00 

00 

'rt 

27 


3 

M 

25 

1 day 


LLL 

17 090 

P 83% 

103 

February 6 

February 8 

February 9 
February 12 
February 14 

00 

00 

00 

31 


4 

F 

42 

1 day 

iU 

RML 

RLL 

10 700 

P 92% 

104 4 

February 10 

February 13 

February 20 

++ 

66,5 

Developed a sterile pleurisy 
during resolution Drag 
fever on twelfth day o? 
treatment. 

5 

M 

24 

i 

1 day 

1 

RUL 

1 

17 560 

P 97% 

103 8 

February 11 

February 19 

February 13 
February 16 
February 19 
February 21 
February 23 
February 26 

00 

00 

00 

00 

00 

00 

74 5 

1 

Tempemture normal on 
February 13 but rose the 
next day Dosage in 
creased to 12 grams a 
day with eventual good 
result. 

6 

F 

56 

3 days 

[ 

1 

vii 

LLL 

22 000 

P 80% 

103 

March 4 

March 6 

March 6 
March 8 
March 11 
March 13 
March 15 
March 18 
March 20 
March 25 
March 26 

00 

00 

00 

++ 

00 

00 

34 

Hypertensive cardiovascu- 
lar disease Auricular fi 
briUation Some conges- 
tive failure Drag fever 
on the tenth day of treat- 
ment. 

7 

F 

68 

1 1 day 

zxiii 

Central 

right 

1 mid 

1 lung 

16,500 

P 81% 

104 

March 6 

March 7 

March 13 
March 15 
March 18 

00 

30 


8 


75 

3 days 

Ui 

RLL 

1 16 000 

P 90% 

104 

March 17 

March 23 

March 22 
March 25 
March 29 

00 

42 


9 

i 

i 

1 day 

lU 

RUL 

RML 

23 600 

P 90% 

104 

March 17 

March 24 

March 25 

++ 

60 


10 

1 

i 

1 


51 

3 days 

vU 

, RUL 

22 080 

P 87% 

105 

March 19 

March 21 

March 19 
March 23 
March 26 
March 29 
AprU 1 
April 3 
April S 
April 8 
April 11 

00 

00 

00 

00 

00 

00 

00 

00 

++ 

35 

Apiiarently had drug 
from March 22 to March 

26 





















































































































ANTIBODIBS WITH SULFATHIA20LE IN PNEUMONU 
TABLE i-^Conhntud 
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Cue 


c Ar 

Dai« 

tion 

of 

bciort 

treat 

meat 



White 

blood 

celU 

Tern 

pexa 

tare 

be< 

fore 

treat 

meat 

Date 

treatmeat 

•Urted 

Dale 

temperatare 

Donnal 

( •Predpitla teria 

Total 

doae 

toL 

faUd 

azok 

Remarka 

11 

1 




LLL 

20 720 
P 

103 

March 31 

March 23 

March 23 
March 23 - 

March 27 - 

March 29 > 
April 3 - 

April 5 - 
April 8 < 

' Rtttttt 

pamt 

41 

Serera diabetic. Type xx 
pafqmQoIalnl933 Trti* 
xIt pneomoola in r eS* 
niary 194a 

13 

1 

1 


1 

LLL 

18 000 
P 92% 

1034S 

March 36 

htaich 21 

April 2 00 

April 3 00 

April 5 ++ 

23 


13 

1 

1 

4 da^ 

yU 

LLL 

2U20 

P 

103 

Aiwil 1 

April 2 

April 2 0+ 

April 5 t + 
April 8 +-!- 

AptU 10 00 

43 


14 

U 

23 

1 


RLL 

27 000 
P 94% 

103 

April 7 

? 

April 12 00 

April 13 00 

April 17 f + 
April 20 -j-4- 

April 22 0-f 

April 24 00 

74 

It U aocertala when "e*- 
•entlal recrmiy*’ took 
place bciei ferar re- 
loalned between 101 and 
103* ttntil April 14 when 

It roae. reartilng 104 oa 
April 16, Drux was 
stopped, and temperatora 

1 proenpUr fefl. Patient 
alao had atarlla efftuloa. 

13 

1 

53 

2dar* 

1 xlr 

LLL 

21 280 

P 

103 

1 April 23 

1 

April 27 1 

lUy 2 00 

May 4 00 

May 6 00 

May 8 00 

62 

Rheumatic heart dlacaac, 

PTiTtmlar fiVYrtUptiriTi Wy 

pertensiaa, diabetes mu, 
Utns. Had droi ferer 
and rash on May 2. 

16 

1 

31 

3 day* 

i 

1 

LLL 

23 680 

P 90% 

1 

April 27 

April 30 

April 30 00 

lUy 3 ft 
May 6 -|-+ 

43 

Had 6 cams of stilfapTTl 
dine oefora ttarting oa 

17 

1 

63 

3 daya 

It 

RLL 

27MO 

P 83% 

104 

May 2 

May 4 

May 4 00 

May 6 00 

May 8 00 

May 10 00 


Hlstorr of typhnis, partly 
posltlTa aenHosY arterio- 
aderoUc heart dlscast. 

18 

1 

23 

3 daya 

I 

RLL 

29 920 

P 94% 

105 

m 

May 4 

May 6 00 

May 8 00 

May LQ 00 

27 


19 

1 

1 



RLL 

32,680 

p bo% 

104,2 

m 

May 11 

May 7 00 

May 10 f + 
May 13 4- + 

31 

Had 7 Dams of aalfapyii 
dine Befom atartlax on 
foUithlazola 

20 



■ 

1 

RLL 

22(230 

p Ss% 

103 


May 16 

May 10 OG 
May 13 00 

May 13 00 

May 17 

May 20 4-r 

May 13 +■> 


82 


2t 

If 

39 

4 dayi 

1 

RMD 

21,280 

P 88% 

103,4 

May 7 

May 11 

May 8 00 

May 13 00 

May 13 00 

May 17 + + 

May 23 4 - + 

] 

60 

EUstory of asthma. 


• First column two hour reading Second column — ovenugiit reading 


the time of appearance was accurately determined 
its relationship to the beginning of normal 
temperature kno^vn, it may be said that m six the 
antibody appeared so close to the moment of * es- 
sential recovery ’ as to mdicate that it might be 
playing an important role in that process In six 
other cases however, the antibody was not de 
tected until about a week after the temperature 
had been normal, and in one case not until three 
weeks had elapsccL 


DISCUSSION 

It seems to us that the importance of these ob- 
servations lies m the fact that a sharp difference 
is estabhshed between the response of patients 
treated with sulfathiazole and those treated with 
sulfapyndme when exactly the same techmque of 
mveatigation is employed ui both senes ^This 
difference may be expressed as follows 
three-quarters of the cases of lobar 
treated with sulfapyndme recover 
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pearance of an excess of type-specific antibody m 
the blood serum as expressed by the preapitin 
reaction, whereas three quarters of those treated 
with sulfathiazole do show an excess of antibody 
Moreover, when antibody does appear m the 
sulfapyndme-treated cases, it does so about a 
week after the temperature has become normal, 
whereas in about half of the sulfathiazole- 
treated cases it is first detected near the moment 
of essential recovery ” 

In order to be certam that the facts are as 
stated, it is necessary to assure oneself that the 
two senes of cases treated were similar If, for 
example, one senes had contained more very se- 
vere cases, or more cases m which treatment was 
begim late, or fewer examples of the higher types, 
such a senes might be expected to show a higher 
percentage of antibody-formers Such was not 
true of our sulfathiazole-treated group , there 
were no bacteremic cases, as opposed to two m 
the sulfapyndme group (both of which showed 
antibody, one being reported in the onginal pa- 
per) Treatment was actually begun, on the av- 
erage, one day earher in the sulfathiazole senes 
than m the sulfapyndme Lastly, the distnbution 
of types was approximately the same We there- 
fore feel justified m concluding that a real dif- 
ference exists between the responses of patients 
treated with the two drugs 

What IS the most likely explanation of this 
phenomenon ? It is theoretically possible that 
sulfapyndme per se might inhibit antibody- 
production to some degree We have mvesti- 
gated this hjqiothesis fairly extensively dunng the 
past year by studymg the antibody response m 
laboratory animals which were receiving chemo- 
therapy Heat-kiUed pneumococci and egg al- 
bumen have been used as antigens and, while the 
results are somewhat irregular, it is safe to say 
that neither drug can be shown to inhibit antibody- 
production The other explanation, and to us the 
more probable, is that sulfapyndme is a somewhat 
more powerful antibactenal agent in human lobar 
pneumonia than is sulfathiazole, and that this dif- 
ference expresses itself quantitatively m the pro- 


portion of patients who show a greater activity of 
their immune mechanisms when treated with the 
newer drug Additional support is lent to this 
hypothesis by the fact that the sulfapyndme- 
treated cases averaged 1 7 days of fever after 
treatment was begun, while those on sulfathiazole 
averaged 3 2 days 

SUMMARY AND CONCLUSIONS 

1 Twenty-one cases of lobar pneumonia 
treated with sulfathiazole were studied for the 
appearance of an excess of type-speafic antibody 
in the blood serum by means of the preapitin re- 
action with speafic polysacchande Sixteen of 
these were observed to show an excess of antibody 
at the time the temperature became normal or 
thereafter 

2 As we had previously observed that about 
three-quarters of the patients treated with sulfa- 
pyndme did not show antibody, there appears to 
exist a greater stimulation of this immune mech- 
amsm in patients treated with sulfathiazole than 
m those treated with sulfapyndme 

3 This IS mterpreted as indicating that sulfa- 
pyndme IS a somewhat more powerful antipneu- 
mococcal agent than sulfathiazole 
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In 1938 Smith, Goldnng and Chasis (12) de- 
scribed methods for measuring the “ effective 
renal blood flow*' (diodrast clearance) and the 
** tubular excretory mass ” (diodrast Tin) by the 
excretion of diodrast at low and high plasma lev- 
els The present report concerns the apphcation 
of these methods to normal subjects under stand- 
ard or quasi basal conditions, with special refer- 
ence to the quantitative relations between the dio- 
drast clearance, the inuhn clearance and diodrast 
Tm m vanous subjects 

The subjects examined here were convalescent, 
volunteer patients of the Third (New York Uni- 
versity) Medical Division of Bellevue Hospital, 
and were selected as carefully as possible to ex- 
clude renal disease Clearance determinations 
were earned out m the mormng wthout break- 
fast, although m a fc\v instances a glass of orange 
juice %vas allowed The subject was hydrated by 
the administration of one liter of water the mght 
before, the water was measured out for him and 
he was allowed to take it ad hbituTn and wthout 
supervision The next mormng a second hter of 
water ^vas taken between 7 £)0 and 8 30 aan , and 
the subject ^va 3 allowed out of bed momentarily 
At about 9 "00 n m an mtravenous infusion con- 
taining the requisite concentrations of diodrast, 

' Thu mvcitjgauon has been aided in part by a grant 
from the Commonwealth Fond. 

The authors are indebted to the Wlnthrop C h emical 
Company for generously supplying some of the diodrast 
a*ed m the later observations anrf to Messrs, Hynson, 
Wcstcott and Dtirmmg for the preparatloii of phenol red 
In itenie 10 per cent solution. They also wish to ex- 
press their appreciation of the cootlmied interest of the 
PfansUehl Chemical Company m the preparation of pure 
malm. Recently the U S, Standard Products Corniony 
Woodworth, Wisconsin, with the co-operation of Dr 
Alf S AJving have physiologically tested inulin 

available in sterile ampules. 


phenol red and mulm in 0,9 per cent sahne was 
started, and urme collections were begun after a 
suitable washout penod. Unne was collected by 
catheter the bladder being rmsed with sahne at 
the termination of each unne collection penod 
Stenlc techmque was observed throughout, 

DIODRAST CLEARANCE 

It has been our custom after 3 or 4 penods 
dunng which the diodrast clearance has been 
measured at low plasma levels of diodrast (0 8 to 
2 0 ragm per cent of diodrast lodme), to proceed 
to some observation on the action of a physiologic 
or pharmacologic stimulus upon the renal circula- 
tion or alternatively, to elevate the plasma level 
of diodrast to 15 to 50 mgm, per cent of diodrast 
iodine, in order to saturate the tubules and meas- 
ure the “ tubular excretory mass ” t r , the maxi- 
mal rate of tubular excretion (diodrast Tm) 
The mitial clearance penods obtamed on a par- 
ticular day and uqcomphcated by any factor other 
than those specified we have averaged mto a smgle 
datum which we designate here as the diodrast 
clearance Cj) Thus the data on Co recorded 
here (Tables I and II) for a particular date repre- 
sent the average of 3 or more consecutive clear- 
ance penods. We feel that 3 such consecutive 
penods arc the least upon which a trustworthy 
average figure can be based,* 

DIODRAST Tin 

For the measurement of diodrast Tin (Tables 
I, II and III), the plasma level of diodrast must 

»Clic*lcy and Chciley (2) have miiinterpretcd our 
preliminary report!, m that they have suggested that we 
have included in our standard obscrvationi <'1-^ 
riodi when sodium sulphate was bemg 
Sodium sulphate, or more recently ’ 

used to mamtain thc unuc flow in special 
but such data are not mcludcd here. 
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be raised to a point where the tubules are excret- 
ing this substance at a maximal rate (Under 
these conditions the diodrast clearance as ordi- 
narily defined (UV/P) has, of course, no direct 
physiological significance ) The rate of tubular 
excretion of diodrast, T o, is calculated as the dif- 
ference between the total quantity excreted per 
minute and the quantity excreted by filtration, i e , 


(i) Td = UdV - PdCihPW 

where Ui} and Pd the concentrations of dio- 
drast iodine m mgm per cc of unne and plasma, 
respectively , V, the unne flow lu cc, per minute, 
Ciff and Cd the mnhn and diodrast clearances in 


TABLE I 

Diodrast clwanu, etc , in normal men 
(Columns 5, 6, 7, 8 and 11 corrected to 1 73 sq m ) 


Subject 

Age 

Surface 

area 

Date 

Plasma 

c^earancea 

Effective 

blood 

flow 

FUtra- 

tion 

fraction 

Rectal 

tempera 

turc 

Diodrast 

Tm 

Xnulin 

Phenol red 

Dlodrait 






cc 

cc 

cc 

cc 

pilH 


msm 


years 





fer 

fer 

fer 


oi? 

iodtne per 






mwuie 

mtnufc 

miniUc 

nttnuU 

mm 


minuU 

A M 

31 


April 

9, 1937 

122 


664 

1107 




J J 



May 

28, 1937 

128 

395 

778 

1325 

MvSm 



HX 


1 70 

May 

28. 1937 

122 

375 

718 

1177 




F S 

22 

184 

November 23, 1937 

144 

447 

956 

1738 

15 1 





1 

November 29. 1937 

144 

429 

876 

1622 

16 4 



T S 

27 

1 76 : 

October 

27. 1937 

110 

370 

650 

1205 

16 9 



T W 

50 

169 

November 17, 1937 

111 

294 

575 

967 

19 0 

98 5 

39 0 

V C 

28 

1 82 

January 

12, 1938 , 

156 

543 

993 

1623 

15 7 

100 5 

512 




January 

28, 1938 

145 

469 

884 

1535 

16 4 

98 5 

55 0 




February 

18, 1938 

150 

403 

720 

1334 

20 8 






February 

23, 1938 

132 

418 

842 i 

1559 

15 7 




1 


March 

7, 1938 

141 j 

515 

986 

1780 

14 3 



J Ho 

50 ' 

1 78 

February 

4, 1938 

112 ^ 

293 

536 

891 

20 9 

98 5 

45 1 

J Cw 

38 1 

1 72 

March 

28, 1938 

101 

243 : 

444 

765 

22 8 






Apnl 

8, 1938 

97 

165 

415 

692 

23 4 1 






Apnl 

18, 1938 

77 

263 1 

409 

660 

18 8 






April 

25, 1938 

82 

1 257 

323 

521 

25 4 






May 

2 ; 1938 

100 

i 243 

471 

I 785 

212 



P V 

68 

1 70 

March 

30, 1938 

134 

390 

637 

1143 

1 210 






May 

11, 1938 

111 

346 

1 680 

1192 

16 3 



P M 

18 

186 

Apnl 

22^ 1938 

, 136 

1 349 

834 

, 1604 

i 16 3 



P F 

32 

1 62 

Apnl 

29, 1938 

: 136 

1 524 

955 

; 1590 

14 2 






May 

6, 1938 

144 

: 494 

956 

, 1542 

1 15 1 






May 

19, 1938 

139 

470 

852 

1352 

16 3 

99 0 

57 6 

J Cs 

36 

161 

Apnl 

6, 1938 

135 

320 

555 

1005 

24 3 






April 

12, 1938 

109 

364 

604 

1079 

18 0 




1 


Apnl 

15, 1938 

113 

395 

625 

1077 

18 1 

98 2 

43 0 

C J 

24 

1 70 

Apnl 

13, 1938 

178 

471 

818 

1525 

21 8 

98 2 

72 0 



Apnl 

20, 1938 

179 

526 

826 

1432 

21 7 



D M 

49 

1 63 

Apnl 

28, 1938 

161 

445 

687 

1185 

23 4 






May 

4, 1938 

136 

412 

693 

1200 

19 6 



B L 

27 

1 83 

May 

9, 1938 

117 

381 

831 

1510 

141 






May 

13, 1938 

118 

369 

70S 

1348 

16 7 






May 

23 ; 1938 

121 

410 

727 

1320 

16 6 



J Ca 

43 

138 

May 

18, 1938 

146 

532 

795 

1237 

18 4 






May 

27, 1938 

140 

514 

841 

1342 

16 6 



S M 

35 

1 67 

May 

16, 1938 

116 

363 

716 

1285 

16 2 



T Ta 

28 

1 63 

October 

13, 1938 

163 

542 

878 

1394 

18 6 

98 6 

58 

N B 

49 

1 78 

November 

8, 1938 

126 

397 

555 

925 

22 7 



L D 

39 

178 

, December 

1, 1938 

145 

525 

885 

1525 

16 4 



G A, 

47 

1 65 

December 

2, 1938 

140 

436 

624 

1095 

22 4 



B G 

62 

1 56 

1 October 

24, 1938 

112 

314 

498 

844 

22 5 






1 November 

3. 1938 

114 

355 

542 

874 

21 0 






November 18. 1938 1 

98 

300 

565 

932 

17 3 



D K. 

48 

2 08 

November 

4, 1938 

89 

351 

509 

955 

17 5 



M S 

26 

162 

October 

25, 1938 

90 

278 

529 

860 

18 2 
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TABLE l—^CcnlWiUd 


Sobkct Act 


ytan 

MR, 54 

W G 30 

R. D 28 


F A, 45 


E. Me 50 


T Co 40 

W S 48 

P Me 54 


E. R, 
F 
W 
S.F 
E, M 
H.0 

T F 


39 

40 
51 
31 
24 
17 

50 


H S, 38 

J B 28 

W J 


PI «n 


1 73 , 

November 16 

1938 

2,06 

November 23 

1938 

1 98 

December 11 

1937 


January 

3 

1938 


January 

21 

1938 


January 

31 

1938 


February 

14 

1938 


February 

28 

1938 


December 

12 

1938 


December 28 

1938 


February 

6 

1939 


February 

24 

1939 

1 85 

Decern bCT 

9 

1938 


December 29 

1938 


January 

30 

1939 


February 

8 

1939 

1 84 

September 26 

1938 


October 

18 

1938 


October 

28 

1938 


November 

1 

1938 


November 

7 

1938 


November 14 

1938 


November 21 

1938 


November 28 

1938 


December 14 

1938 


January 

4 

1939 


February 

1 

1939 

162 

December 27 

1938 

1 52 

February 

3 

1939 

1 86 

November 17 

1939 


November 21 

1939 


November 29 

1939 

1 87 

January 

8 

1940 

U9 

January 

5 

1940 

1 83 

January 

15 

1940 

1 91 

January 

19 

1940 

1 76 

January 

22, 1940 1 

1 73 

January 

24 

1940 


January 

29 

1940 

1 90 

i January 

12, 1940 


January 

26 

1940 


February 

2 

1940 

173 

January 

31 

1940 


February 

5 

1940 

1 94 

February 

7 

1940 


February 

21 

1940 

1 81 

February 

14 

1940 


clcsivices 

EEcctlve 

blood 

loulifl 

PbcDoi rat 

Diodrut 

flow 

cr. 

ce 

ct. 

cc. 


rntnuU 


wSL, 

76 

199 

343 

746 

131 

401 

780 

1622 

131 

452 

713 

1145 

125 

519 

719 

1110 

134 

550 

758 

1156 

139 

498 

768 

1174 

131 

472 

718 

1106 

131 

448 

684 

1060 

151 

542 

742 

1160 

155 

592 

843 

1380 

150 


906 

1350 

199 




111 

376 

662 

1050 

121 


846 

1340 

113 


746 

1268 

109 


743 

1294 

125 

390 

624 

1023 

132 

359 

600 

953 

134 

375 

596 

977 

135 

395 

663 

1037 

119 

375 

541 

846 

113 

345 

601 

974 

117 

373 

612 

1033 

128 

341 

579 

958 

114 

336 

599 

1010 

ill 


510 

836 

119 


496 

800 

140 


764 

1250 

138 


647 

1085 



602 

1027 

153 


730 

1200 

135 


804 

1312 

116 


582 

965 

108 


527 

> 868 

166 


716 

: 1341 

147 


786 

1381 

118 


687 

1338 

128 


542 

890 

149 


680 

1230 

91 


625 

1042 

101 


449 

778 

88 


501 

918 

168 


762 

1177 

160 


915 

1418 

114 


738 

1222 

125 


721 

1174 

153 


778 

1278 


Fntm 

tkm 

frsctkm 

Eectsl 

tcini>ers> 

tore 

IHodrut 

Tm 

ptr c€ni 

P 


22,1 

16 8 

18 4 

17 4 

17 7 
18,1 
isa 

19 2 

20 3 
18,4 

16 6 

99a 

56.8* 

16 8 
14J 

15 2 

98 6 

53 7 

14,7 

20 0 
22,0 

22 5 

20 3 

22 0 

18 8 : 
19 1 

22 1 

19 0 

21 8 

24 0 

100 0 

4$ 1* 

18,3 

100 9 

610 

21J 

21 0 

16 8 

98 7 

544 

19 9 

93 8 

47 2 

20 5 

99J 

346 

23,2 

98 3 

58,1 

18 7 
17J2 
236 

21 9 

98 7 

49 7 

14 6 

22 5 

98 5 

388 

17 7 
22,0 

990 

62.4 

17 4 
15J 

17 3 

19 7 

98,6 

569 


Statistical summary catering each tuhject once only 



• Modrait Tm U average of obrarvatloaa on thu day with other ohKrvaUona m Table T 
t lodudci aubiectc ihown In Table III 
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TABLE U 

Dtodra^l ckarance^ tic , \n nornuU ifiomtn 
(Columns 5, 6, 7 and 10 corrected to 1 73 sq m ) 






Platma 









dear- 

Ef- 

HI- 

Heo- 


Sub- 

ieot 


Sur- 


ances 

feo- 

tra- 

tal 

Db- 

Aga 

Um 

Data 



tivo 

tlon 

tern- 

draat 


artA 




blood 

frao- 

pera- 

Tm 





Inu- 

Db- 

fioir 

Uon 

ture 






U 

_ . 

drajt 










cc. 

cc. 



mom 


veori 

vu 


pff 

per 

mifr 

per 

mta- 

per 

cen^ 

*F 

ptr 





vU 

Ui6 

ule 



mm 

vU 

AG 

24 

U6 

October IL I93S 

02 

446 

718 

207 

08J» 

36.6 

G K. 

SO 

L67 

Komober 8, 1939 


441* 

726* 







KoTOnbcM 1939 


695* 

, 948* 







November 23 1939 

140 

654 

'1027 

214 

95.5 

638 

D W 

22 

L72 

December L 1939 

145 

722 

11136 

19.3 

99.2 

48.2 




December a 1939 


783 

'1211 




yJLZ, 

26 

L84 

December IL 1939 

125 

626 

, 970 

200 






December 18, 1^9 

1 113 

584 

863 

194 

994 

46A 

B R 

61 

L63 

December 13 1939 

1 114 

617 

1D94 

18.6 

98.8 

42.7 

AP 

39 

L62 

December 15. 1939 

; 109 

654 

938 

19 7 

994 

40 7 




December 22 1939 

1 102 

538 

871 

1 19.0 

993 

30 3 

C.B 

40 

U7 

December 29, 1939 

, 101 

550 

789 

1 18.4 

09.3 

43 4 

Q A 

1 so 

L4a 

December 20 1939 

1 147 

708 

1180 

208 



c a 

29 

L70 

December 27 1939 

115 

, 500 

876 

230 

99.4 

40 9 

RT 

i 29 

L69 

January 8 1940 

' 122 

1 666 

1264 

18 3 

98.5 

68.3 

L.G 

i 26 

1 

U7 

1 

1 January 17 1940 

1 

105 

, 550 

i 

954 

18.8 

93.8 



Statistical sununary entenng each subject once only 
Mean 


118*7 

17.5 


6004 
87 0 


I 10 3 
L4 


46.7 

8.5 


n 

1 U 1 

U 1 U 1 11 1 19 


Mean ] 


n 

Diodrast olearanee 
Diodrast Tm 

12.8 

IM 

9 

InoBn clearance 
biodrast Tm 

2.54 

0.28 

9 


* Omitted from average. 


cc of plasma per minute , F, the fraction of dio- 
drast which is free and therefore filtrable, as de- 
termined by the plasma concentration of dio- 
drast iodine and the plasma albumin content (see 
nomogram of Smith and Smith (13)) , and W is 
taken approximately as 1 00 — per cent of plasma 
protem/100 

Albumm and total protein determinations were 
made by us on 57 occasions on 31 subjects, and it 
was found that FJV averaged 0 72 dr 0 025 In a 
subject wth diodrast Tm of 52, muhn clearance 
of 125 cc and a plasma level of diodrast iodine 
of 20 mgm per cent, a deviation m FJV of ±; 0 02 
makes only it 1 0 per cent error m diodrast Tm 
Wherever possible, however, protein determina- 
tion should be made for diodrast Tm measure- 
ment m renal disease 

In the determmation of diodrast Tin, the total 
“ load ” of diodrast earned to the tubules must, 
of course, exceed the maximal rate of excretion 


if the tubules are to be saturated The diodrast 
load/ diodrast Tm ratio in our observations ranges 
from 1 5 to 5 0 Any ratio above 1 5 appears to 
be satisfactory for this measurement ^ We rou- 
tmely take the average of 5 penods of ten to fif- 
teen minutes each for this datum 
It early became clear that diodrast Tin, involv- 
ing as It does a “ saturation phenomenon, or 
maximal excretory activity on the part of the tu- 
bules, is very susceptible to changes m body tem- 
perature Observations made upon the same sub- 
jects at different temperatures mdicate a tempera- 
ture coeffiaent of about 20 for the excretory 
process, te ,b. nse of 1 0° F m body temperature 
mcreases the Tm value by about 10 per cent 
Consequently, m all measurements of diodrast 

TABLE m 

Daia on glucose Tm, etc , tn normal men 
(Columns 6, 8 and 9 corrected to 1 73 sq m ) 


Sub- 

ject 

Age 

Sur- 

face 

area 

Date 

Inu 

Un 

l>Iaflma 

clear- 

ance 

Rec- 

tal 

tem- 

pera- 

ture 

Glu- 

cose 

Tm 

Dio- 

drast 

Tm 






u 


mcm 

xncm 


yeart 

sq in 



Pfr 

*P 

ptr 

ptr 






minitU 


minult 

minuie 

1 J 

28 

165 

March 15, 1939 

162 

98 6 


56 4 

J Hu. ' 

39 

1 85 

Feb 

13 1939 

128 

98 4 

El 



1 

1 

Feb 

20 1939 

116 

98 8 

lE 9 

40a 

w s 

48 ' 

MEM 

Feb 

10 1939 

148 

99 0 

mim 


A L 1 

42 

tiS 

Feb 

17, 1939 

131 1 

996 

254 


R. W ' 

23 

1 79 

Feb 

23 1939 

149 1 

98 7 

323 


A. Lo 

41 

1 95 

^ril 

12, 1939 1 

157 

99 0 i 

380 


C C 

42 

177 

May 

15 1939 ' 

181 

98 4 ' 

405 

64a 




June 

29, 1939 

134 

98.5 

349 

63 7 

RD 

28 

193 

May 

24 1939 

150 

98 0 

336 





June 

9 1939 

117 

98 0 

368 

59 8 




June 

15 1939 

117 

97 8 


51 8 

H M 

34 

i 1 31 

June 

2, 1939 

I ISO 

97.8 

461 





June 

14 1939 

138 

98.2 

440 

657 

J B 

45 

' 148 

June 

21 1939 

1 106 

97 6 

301 

48a 




June 

28 1939 

127 

97 7 

331 

59 7 

P M. 

36 

1 72 

OcL 

11 1939 

93 

97 8 

243 

55a 


1 


OcL 

16 1939 

1 119 

97 8 

264 

62 4 




Oct, 

23 1939 

114 

97 8 

275 

59 4 

T S 

37 

1 70 

Oct, 

18 1939 

156 

93 2 

354 

57 5 




Oct, 

25 1939 

138 

98 2 

327 

57 0 

C P 

34 

1 67 

Oct, 

20 1939 

152 

99 0 

397 

58 2 




Oct, 

27 1939 

161 

98a 

433 

56 7 

E,Mc. 

50 

1 84 

March 

1 1939 

129 

990 

340 

45 1 




Average 

136 


344 

56 7 


^ The load of diodrast earned to the tubules is the 
product of the plasma concentration and the renal plasma 
flow It IS assumed that the renal plasma flow remains 
the same during diodrast Tm measurement as in the con- 
trol observations, hence we calculate the load as 
— FTTCjy), the actual plasma concentration of dio- 
drast durmg Tm measurement times the average diodrast 
clearance (Cn) observed at low plasma diodrast levels, 
nunus the quantity of diodrast filtered per nunute. Fil- 
tered diodrast is deducted m this calculation inasmuch as 
after diodrast has been filtered through the glomeruli it 
IS no longer available for either tubular excretion or for 
saturation of the tubules 
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Tm (as indeed m all our observations) the rectal i 
temperature is recorded every twenty to thirty 
minutes The rectal temperatures observed by us 
range from 97 5 to 99 5° F and average 98 5® 
F, and we have corrected all figures for diodrast 
Tm reported here to 98 5° F by adding or sub- 
tracting 10 per cent to the observed value for each 
degree of body temperature above or below this 
value 

On a very fc^v occasions ^\e have observed 
transient urticana dunng diodrast Tm measure- 
ment No serious disturbances have been en- 
countered, although we have on numerous occa- 
sions elevated the plasma level of diodrast to 50 
rogm. per cent of iodine or higher for penods of 
one hour or more* 

PHENOL RED CLEARANCE 

The phtnol red clearance was followed tmtil De- 
cember, 1938, at whicli tune it uas abandoned m 
favor of other observations Phenol red Tm has 
been reported m only one subject (12) and is not 
recommended * 

GLUCOSE Tm 

Sliannon and Fisher (9) have shown that, when 
the plasma concentration of glucose is elevated to 
a suffiaent level, the rate of reabsorpbon of glu- 
cose by the renal tubules m the dog becomes 
maximal and constant We here bnefly report 
that we have found the same thmg to be true in 
normal man, and include measurements of the 
maximal rate of tubular reabsorption of glucose, 
or glucose Tm m 14 subjects (Table III) 

The rate of tubular reabsorption of glucose 
(To) IS calculated as the difference between the 
total quantity filtered per minute and the quantity 
excreted in the unne, t e 

(2) To ** PoCi/{ — UqV 

where Cjy is the mulm clearance, Pa and Ua arc 

the concentrations of glucose per cc. of plasma 

^Phenol red Tm measurement require* plasma cxia 
centratlons of 25 mgm. per cent, at which level the ildn 
diicoloration Is duturblng to the pabent moreover 
phenol red, when given intravenously In large doses In 
dog* frequently cause* nausea and a marked fall m the 
filtration rate, and if used for this purpose m these or 
other anifTrals should be given subcutaneously or Intra 
muscular ly 


and unne, respectively, and V is the unne flo\y 
in cc. per mmute« In order to raise Ta to its 
maximal value (glucose Tm) (i r, to saturate all 
tubules whose gloraeruh are maximally or nearly) 
maxiraally active), the load of glucose dchvctcdv 
to the tubules should exceed the maximal rate of 
reabsorption by at least 20 per cent, i r , the glu- 
cose load/glucose Tm ratio should exceed 120 
The load of glucose earned to the tubules is.tljc 
product of the plasma concentration and the rate 
of glomerular filtration m cc, of plasma, tji, 
PqCx 2 { At high plasma levels of glucose, shght 
errors m the determination of plasma glucose or 
the luulin clearance introduce disproportionately 
large errors in the calculation of glucose Tm and 
raaxiinal accuracy is attamed at a load/Tm ratio 
of 1 4 to 16 Glucose Tm should be determined 
with a nsing or constant plasma glucose concen- 
tration, smee the reabsorptive process exhibits an 
unexplained hysteresis (Shannon and Troasf; 
personal commumcation) 

The measurement of glucose Tm is valuable 
for two purposes First, it affords a measure of 
the quantity of intact tubular reabsorptive tissue, 
or the tubular reabsorptive mass ” of the kidney, 
m contrast to the 'tubular excretory mass" as 
measured by diodrast Tm Second, it affords a 
method of evaluatmg the number of “active" 
nephrons and hence open glomenih, smee at an 
appropnate plasma level of glucose a cntical dc 
crease m filtration rate in a significant number of 
glomeruh will cause the connected tubules to be- 
come unsaturated, and glucose Tm will decrease 
by a corresponding amount (7) The appheabon 
of glucose Tm in appraising glomerular activity 
will be discussed elsewhere, here wc ynsh to re- 
port only the observed values under standard 
conditions 

The elevation of plasma glucose to the high 
levels mvoivcd in this measurement (350 to 700 
mgm, per cent) may be expected to expand the 
plasma volume, under which conditions the renal 
blood flow might be modified cither reflcxly or 
through autonoragus local adjustments Evi- 
dence on this pomt will be presented separately, 
we need only note here that we do not consider 
the data on the diodrast clearance when obtained 
simultaneously with the measurement of glucose 
Tm as physiologically comparable with the other 
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data on this clearance presented here Conse- 
quently, the diodrast clearance has been omitted 
from Table III We have no reason, however, 
to believe that either the inulm clearance or the 
value of diodrast Tm is altered m normal subjects 
tmder these conditions, and we consider these data 
(Table III) as physiologically homogeneous with 
those presented in Tables I and II and have ac- 
cordmgly included them m the statistical summary 

THE QUESTION OF PHYSIOLOGICALLY ACCEPTABLE 
" STANDARD " VALUES OF THE DIO- 
DRAST CLEARANCE ® 

Inulin, phenol red and diodrast 

The first point to be considered m this connec- 
tion IS the possibility of hjrperemia induced by 
pyrogenic inubn The presence of pyrogen in 
inulm and a method of removing the pyrogen were 
reported by Goldnng and Smith m 1936 (5), and 
a more effective method of purification was re- 
ported by Smith, Chasis and Ranges in 1938 (11) 
In adequate doses this pyrogen can produce renal 
hyperemia ( 10) Ever since the hyperemic prop- 
erties of this pyrogen were discovered, we have 
been aware of the danger of this action compli- 
catmg our observations That such has not been 
the case we are convinced for the following rea- 
sons When pyrogemc inuhn is given in even 
threshold doses, the first reaction is a nse m tem- 
perature two to four hours after administration, 
usually wth complaints of chilhness and other 
subjective reactions We have never succeeded 
m produang renal hyperemia by doses too small 
to produce the febnle reaction When adminis- 
tered in larger doses, there has, m our expenence, 
mvanably been a latent penod of at least mnety 
mmutes before the development of renal hyper- 
emia. Since 1936 rectal temperatures have been 
taken routmely on all subjects, both dunng ob- 
servation and every hour thereafter until 4 (X) 
p m , and m all the data on diodrast clearance re- 
corded here, the observations have been concluded 
withm approximately sixty minutes after the first 
mulin injection In no instance has the afternoon 

®The question of quantitative correspondence between 
the plasma diodrast clearance and the actual renal p l a sm a 
flow (or between the whole blood diodrast clearance and 
renal blood flow) will not be discussed here since it will 
be treated m a forthcoming pubhcatiocL 


temperature exceeded 100° F, nor have there 
been subjective evidences of pyrogemc reaction 
Consequently, we set aside as improbable the pos- 
sxbihty that our mean value for the diodrast clear- 
ance has been elevated by pyrogemc hyperemia 

With regard to diodrast, it is known that the 
rapid mtravenous adraimstration of relatively 
large doses of this substance cause a transitory 
fall m blood pressure (3), but the doses involved 
exceed many times the quantities which we use 
m clearance detenmnations These quantities are 
typically 350 mgm (1 cc ) as a pruning dose, fol- 
lowed by infusion at the rate of 16 mgm per 
minute Smith, (^Idnng and Chasis (12) found 
that small doses of diodrast (035 to 1 5 grams) 
do not increase the phenol red clearance, and more 
recently we have made numerous observations m 
which the plasma concentration of diodrast has 
been slowly elevated from 1 0 to 10 mgm per 
cent, without any increase m diodrast clearance 
On the basis of this evidence we exclude the 
supposition that diodrast has produced renal 
hyperemia ® 

With regard to phenol red, Hemck, Mann and 
Sheehan (6) have reported that injections of this 
substance mcrease the renal blood flow (thenno- 
stromuhr method) m unanesthetized dogs The 
average dose used by these investigators was 15 
cc of a 6 per cent solution injected m one minute, 
or 900 mgm per minute In one of the two ex- 
periments illustrated by them the disturbance in 
renal blood flow had passed off m ten minutes, 
and in the other there was practically no change 
In both experiments the dog vomited immediately 
after the injection The largest quantity of 
phenol red we have used has been 30 mgm per 
mmute for ten mmutes as a pnmmg dose com- 
pleted twenty mmutes before the first clearance 
period, followed by infusion at 4 mgm per min- 

® This applies only to the measurement of the diodrast 
clearance at low plasma levels of diodrast Following 
the injection of 30 to 40 cc. of diodrast for the measure- 
ment of diodrast Tm, there appear to be occasional dis- 
turbances in the renal blood flow, as mdicatcd by a shght 
to moderate fall m the mulm clearance. The arculatory 
effects of these large doses cannot be examined by the 
diodrast clearance method, since the tubules are then satu- 
rated and the extraction ratio depressed. But any circu- 
latory effects of large doses given relatively quickly 
would not controvert the evidence that small doses have 
no such effect 
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utc (12) , assuming a 10 l^ra dog and 60 kgm 
man, the dose given by Hcmck, Mann and Shee- 
han IS about 180 times our priming infusion, and 
1350 times our maintenance infusiom In the ab- 
sence of better evidence, we therefore discount 
the possibihty of phenol red havmg mduced renal 
hyperemia, 

PSYCHOGENIC DISTURBANCE, SELECTION, AND 
HYDRATION 

In bnef, we bcheve that the chemical elements 
mvolved m clearance dctenninabonj have intro- 
duced no significant error in the data of Tables I 
and II We are, however, a^vare of three factors 
which should be considered in presenting our data 
as " standard ’ normal values 

First, there is the factor of psychogenic disturb- 
ance, The mere procedures of catheterization, 
venipimcture, and the attendance of 3 or more 
persons are obvious sources of apprehension to 
some patients The actuahty of psychogenic 
vasoconstnction in the kidn^ has recently been 
demonstrated (10) and, though the question is 
not open to expenmental mvestigation at the pres 
ent time, we fully recognize tlie possibihty that 
such apprehension as may unavoidably be assoa- 
ated with the procedure of clearance detcnnina 
hon may produce renal vasomotor disturbance. 
Where our subjects have been examined on 2 or 
more occasions the diodrast clearance has been 
larger m the second than in the first exammatioa 
less than 50 per cent of the time (Tables I and 
II) Nevertheless, nearly all our data involve 
repeated observations on ** trained * subjects i e 
subjects who are qmte accustomed to clearance 
examination, and this fact may have led to a figure 
for the mean diodrast clearance somewhat above 
the figures which have been reported by others 
(2, 17) 

Secondly, we recognize the possibility that s*Uc~ 
tum may have infiuenced our data Many of our 
subjects have been selected with a view to the 
examination of pharmacologic agents, etc., and it 
may be that we have selected a group of subjects 
which, m respect to renal function, is not fairly 
representative of the general population. We 
wish merely to call attention to this possibihty for 
we strongly discount its actuality 

The third factor bearing on this pomt is the 


degree of hydrahoii of the subject. Our sub- 
jects take a hter of water the mght before, and 
another hter on the mormng of the examination 
(the last wrater at least mnety mmutes before the 
first clearance period) and, although -we have ob- 
served no difference m a few comparative obser- 
vations on the same subjects, it may be that this 
thorough hydration results in an increased renal 
blood flow But even if such is the case, we be- 
lieve that a standard techmque such as this is 
preferable to one which will permit vanable de- 
hydration to enter as a comphcation ^ 

In view of the above considerations, we present 
our data as “ standard * rather than “ basal " • 
observations, emphasizmg that the conditions un- 
der which they have been made arc both physio- 
logical and reproducible. The technique of mak- 
mg all such observabons must be improved as 
knowledge of the renal arculabon is mcrcased 

DISCUSSION 

The larger senes of data presented in Table I 
reqmres no discussion other than to note that the 
average muhn and phenol red clearances compare 
favorably with the average values previous^ re- 
ported for 25 subjects (12) The present aver- 
age diodrast clearance is substantially less than 
that previously reported, but the previous figure 
was based on only 6 subjects 2 of whom were 
counted twice. 

The most significant aspect of the present data 
IS the quantitative relationship which exists bc- 
tivcen the diodrast clearance and the muhn clear- 
ance, on the one hand, and diodrast Tm on the 
other Examination of the data on those sub- 
jects m whom diodrast Tin has been measured 
shows that this term has a close positive correla- 
tion with both clearances, as shown in Figures 1 
and 2 

T 'We rccomincad thorooRh hydratioa m order to mam 
tain the unne flow and to permit accurate clearance pe- 
riodi. Where both hjdratlon and Na^SOi are contra 
indicated, 7 to 8 per cent manmtol or lorbhol (Abbott 
ampala) may be incorporated m the mfmion ai a dm 
rctic. Dr Catbenne Welsh and her co-workcri (per- 
ffiyial comniunicatjon) have used the hexltols for this 
purpose in clearance studies on normal pregnant women 
and women vnth pre-e c la m p sia . 

• The ambiguity of the term "basal** Is illustrated by 
the recent studies of Scott, Baactt and MacKie (8) on 
the drculaboo under vanous chmaUc coodiUoni. 
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TABLE IV 

Staitslical analysis of subjects xmth diodrast Tm 
(Men and women are treated as one senes) 



Dxodraat whole blood clearance, cc per 1 73 sg m per mtnuie 
Diodrast plasma clearance, cc per 173 sg m per vnnute 
Inulin plasma clearance, cc per 1 73 sg m per minute 
Diodrast Tm, tngm iodine per 173 sg m per minute 

Dtodrast whole blood clearance 


Diodrast Tm 

Diodrast plasma clearance 


Diodrast Tm 
Inulin clearance 


Diodrast Tm 


Number 

of 

aubjccta 

Kanse 

Mean 

1 28 : 

718-1566 

1115 

28 

455-921 

669 

35 

92-179 

131 

35 

36 6-72 0 

516 

28 

16 0-29 5 

1 

22 3 ! 

28 

■ 10 2-16 7 

13 4 

35 

2 09-3 12 

2 56 



^(ffl - x}^ 




" ^ V » ' V» 

The value of r in column 6 refers to the correlation between the numerator and denominator 



Fig 1 The Plasma Diodrast Clearance (EmcnvE Renal Plasma Fidw) in 28 Subjects (Men and 
Women) in Relation to Diodrast Tin (Tobdlae Excretory Mass), as Recorded in Tables I and II 

subject enters once only into the calculation of the correlation coefficient (0 77) Diodrast Tm may be 
taken as proportional to the total functional tubular tissue, and therefore closely proportional to the kidney weight 
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Fia 2. The Plasma Inolik Clzaiance (Filtration Rate) ih 3S Subjects (Uxk and Woimf) m Rhation 
TO DiozLiST Tm (Tobola* Exceetuit Mass) as Recoided in Tables I n akd in 
The coiTcUtJoo cocffiacut is 077 


In Table IV we have calculated the cocffiacnt 
of correlation between diodrast T»i and the whole 
blood diodrast clearance, the plasma diodrast 
clearance and the muhn clearance There are also 
presented m this table the standard deviations for 
these clearances, calculated on the same subjects 
(Each subject is here considered once only 
Data are available on 35 subjects for the muhn 
clearance, but on only 28 subjects for diodrast 
clearances smee on 7 subjects diodrast Tin was 
determined simultaneously wth glucose Tj;i, un 
dcr which conditions, as we have pointed out 
above, the diodrast clearances are physiologically 
suspect ) 

Reference to Table IV shows that the standard 
deviation expressed m per cent of the mean is 
substantially smaller when the clearances are re- 
lated to diodrast Tin than when they are consid- 
ered mdcpendcntly We mterpret this fact to in- 
dicate that differences m the clearances are in part 
attnbutable to such differences m the size of the 
kidneys as arc not excluded by the usual correc- 


tion for body surface area these differences in 
kidney size being evident in data on normal kidney 
weights (16) To what extent diodrast Tin is 
strictly proportional to kidney weight is at present 
unknown, but since diodrast Tm is in theory a 
measure of the total quantity of tubular excretory 
tissue m the kidney, we would expect the corre- 
lation between these two terms to be of a sigmfi 
cantly high order In this view diodrast Tm may 
be taken as a measurement of kidney size, and 
from the close correlations shown in Table IV and 
Figures 1 and 2, we would be permitted to say 
that the whole blood or plasma diodrast clearance 
and the imilm clearance in various mdividuals are 
relatively more constant when compared per umt 
of kidney waght than when compared per sq m 
of body surface area. 

The present senes of data on glucose Tw is too 
to afford an accurate statistical analysis 
The average glucose Tm/diodrast Tm ratio m 10 
subjects IS 6,49 

Relative to the data m Table IV, it ‘:><)pld be 
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noted that according to statistical theory it is im- 
possible to define the absolute range of " normal ” 
values Statistical analysis at best affords a state- 
ment of the probabihties that a given observation 
belongs to the population which has been analyzed 
If m this population there is a symmetncal dis- 
tnbution of the individuals about the mean, then 
95 per cent of the individuals will fall withm 
7)1 dr 2a, and 99 5 per cent within 3a Or, con- 
versely, there is one chance in 20 that an mdi- 
vidual actually belonging to this population may 
fall outside the range of dr 2a, and one chance m 
200 that it may fall outside the range of dr 3a 
If, for example, a particular diodrast clearance 
falls just below 413 or just above 925 (dr 2a), 
there is still one chance m 200 that it is nor- 
mal with respect to the data of Table IV The 
absolute identification of this subject as having 
abnormal renal function is statistically impossible 

Thirty-five subjects is, moreover, so small a sta- 
tistical senes that it affords a fair chance of sam- 
pling error We would, at the present hme, place 
more emphasis upon the physiological sources of 
vanation discussed above than upon the statistical 
significance of this limited senes 

We can bnefly record here that we have utilized 
the ballistocardiographic method of Starr, et al 
(15) for the measurement of cardiac output be- 
fore and durmg the clearance determination m 6 
subjects (12 observations) In no case have we 
found an increase in cardiac output, as referred 
to a control measurement on the mommg of ob- 
servation, to be assoaated with the clearance pro- 
cedure (infusion, catheterization, etc ) This in- 
vestigation IS bemg extended by other methods of 
measunng cardiac output m order to confirm the 
accuracy of the baUistocardiographic method m 
our hands 

SUMMARY 

Data on the diodrast and mulm clearances, and 
on the maximal rate of tubular excretion of dio- 
drast (diodrast Tin) and the maximal rate of 
tubular reabsorption of glucose (glucose Tm) are 
presented for a senes of normal men and women 

Diodrast Tin, a measure of the total quantity 
of tubular excretory tissue m the kidney, is con- 
ceived to be roughly proportional to the total 
quantity of renal parenchyma 


Statistical analysis of the data reveals that both 
the diodrast and mulin clearances increase m pro- 
portion to diodrast Tvi, and that companson of 
clearances m different individuals is more accurate 
when made on the basis of diodrast Tin than when 
the absolute values of the clearances are consid- 
ered alone This method of companson is func- 
tionally equivalent to expressing the renal plasma 
or whole blood flow and the filtration rate on the 
basis of umt mass of renal parenchyma 

The significance of the mean values of the dio- 
drast clearance, etc , is discussed m relation to the 
possible perturbation of renal blood flow by fac- 
tors mvolved in the clearance procedure, such as 
muhn and diodrast, and by selection of subjects, 
hydration and psychic influences It is believed 
that the data accurately reflect the renal blood 
flow under " standard " conditions which closely 
approach the ordinanly accepted concept of basal 
conditions in the systemic and renal arculation 

The authors are indebted for unfailing coopcrabon to 
Eh* Wilhe W Smith, Katharine S Tilson, Helen A, 
Keighcr, Anna Rosenthal, Norma Fmkelstein, Frances 
E. Marx, Anna M Lublin, Betty J Crawford, Martha 
J Barrett and Lucy M Alimmosa, who have at one 
tune or another participated as analysts m this mvcstiga- 
tion, to Barbara A Parker and Mr Sylvan M Stillman, 
who have assisted m the measurement of the ballisto- 
cardiographic records, and to Nurse Ann S, Rrvoire. 

METHODS 

Only important changes from methods previously dc- 
senbed (12) are detailed below 

1 Infusion fluid This is prepared m 09 per cent 
saline (Sterisol salin^ Schenng and Glatz, Inc«) and 
administered from an open mfusion flask without pre- 
cautions for maintaining temperature, the rate bemg 
timed by means of a Murphy dnp chamber and regulated 
by means of a 4-mch tunnel clamp Typical protocols 
follow 

Diodrast clearance To 800 cc, of salmc arc added 12 
cc* of 35 per cent diodrast solution (Wmthrop Chemical 
Company) and 25 cc, of 10 per cent mulm solution (U S 
Standard Products Company) Immediately after the 
mfusion IS started (zero mmutes), U cc, of diodrast 
solution and 15 ca of mulm solution are mjected into 
the mfusion tubmg as a pnmmg dose* (A control blood 
sample (B«) is drawn when vcmpuncture is first made.) 
Uq is collected at 20^, Bx at 22^, Ux at 32^, C/j at 44', Ut 
at 56', and Bj at 54' or 58' 

Diodrast Tm The mfusion tubing is disconnected 
from the needle, the mfusion fluid drained to 400 cc., 
11 5 cc* of diodr^t are added to each 100 ca of mfusion 
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left in the flask and nuxed^ and 26 cc. of diodrast are 
injected into the infusion tubing as a priming dose. The 
infusion is accelerated for a short time to empty the 
dead space of dilute diodrost the rate then being restored 
to 4 cc. per minute, Twenty minute* later (ca T^) 
Utt (second discard) is collected, Is drawn at 81 U 4 , 
at 91'. C/, at 103 , at 113 , U. at 115 U, at 127. (/, 
at 139* and at 13^ or 139' 

In the aterage normal subject the above infusion will 
give 10 mgm. per cent of inulln in the plasma, 1,5 mgm, 
per cent of diodrast iodine between ^1 and and 30 
mgm. per cent between Bt and B^, If the clearances are 
approximately known, the appropriate quanUties of inulin 
and diodrast can be related to the desired plasma iodine 
concentration m mgm. per cent and body weight 
(kgm.) on the basis that the pruning dose is distributed 
m approximately 20 per cent of the body weight and 
that at a constant rate of mfusion, this rate will equal 
UV That is the primmg injection m cc. should equal 

cc., and cc. of 35 per cent diodrast solu 


70 — -^00 

bon should be added to each 100 cc. of mfusion. For 
Tmo the pruning Injection is calculated m the same 
nutwr and the sustaming infusion should contain 
r«j> + Pj> QlTmo f IT j ^ I TIT/ 

cc. of diodrast solution smee UV 

“ Tmo + PdFW 2JS1 Tmu/lOO With 10 per cent mu- 


lin solution the pnnung dose should be 
each 100 cc of mfusion should contain 


PiH kgm 
40 

PmCiK 


cc and 


Glucos* Tnu Glucose (50 per cent solution) to the 
extent of 18 per is Incorporated in the infusion fluid 
and 25 grams of glucose are mjccted into the infusion 
tuhmg as a pruning dose, and 25 grams of glucose (pure) 
are given per os at icro minutes and again about midway 
b the observations. Depending on glucose Tm this 
yields 350 to 750 mgm. per cent glucose m artenal blood. 
If the hand it warmed m hot water the venous blood 
from the vems of the hand or wnst may be used instead 
of artenal blood, there bemg no A-V difference at this 
lercl of hyperglycemia and constant blood glucose IcvcL 
The blood glucose level should be constant or rising for 
this measurement It has been our cxpencnce that sub- 
jects showed marked differences m capaaty to store and 
n bli z e glucose Smcc glucose storage and u tilirati on 
seem usually to be accelerated after the administration 
of a glucose mfusion for an hour or so it is most dif- 
ficult to malntab the requisite plasma level of glucose 
dnrbg the second hour 

2, AnaJytuai methods We have recently adopted the 
waiin method of Alvtng Rubm and Mi ller (1) with the 
modification recommended by them (personal commum 
catioo) It has been our cxpencnce that pure diphenyl 
*mlne is necessary m thi * method. We have found the 
“utcnal supplied by Pfanstiehl Chemical Company and 
the G. Fredenck Smith Chemical Company to be sabs 
betory In order to conserve blood we have changed 
the technique slightly from the ongmal desenpboo 


Glucose IS removed from blood and unne by treat 
ment with a yeast suspension which has been well washed 
(6 to 8 times) This suspension will keep for a week 
or longer b the icebox, but must be centnfuged atyj 
freshly suspended on the day of use. Two cc. of plasma 
are mixed with 6 cC of co. 20 per cent yeast suspcnsioo 
(of known hematoent) b 16 X 125 mm . pyrex Ibbcs. 
The mixture is occasionally agitated, and centnfuged 
after fifteen minutes at room temperature. From 2 to 5 
cc. (typically 2 cc) of the supernatant fluid are removed 
to a 50-cc Erlcnmeycr flask containing 5 cc of water 
and 6 cc of ZnSOi-HjSO, mixture prepared as descn*bcd 
by Somogyi (14) This mixture is well agitated and 
2 cc of 075 N NaOH are added. The flask is closed 
with the finger and well shaken. The mixture is centn 
fuged b 20 X 150 mm. heavy walled pyrex tubes and 
filtered through a pledget of washed cotton. The total 
dilubon should yield about dSO mgm. per cent of bulin 
m the filtrate Five cc of the above filtrate arc trans- 
ferred in duplicate to the special tube recommended by 
Alnng et aJ and the inulm detennmatlon carried out 
with the diphcnylambc reagent according to their sped 
ficabons. Color is read b an Evelyn colorimeter mmg 
a 635 filter The unne samples after dihiboo to a U/P 
rabo of approximately ID are yeasted, precipitated and 
analyzed m the same manner as the plasma. 

For the dctenninabcm of the yeast plus plasma mu 
Imoid blanlq 2 cc of plasma from B, pbs 2 cc of 5 mgm. 
per cent inuhn are treated with 6 cc of yeast, and 3 cc 
arc prcapitated as above This blank vanes from 0 1 to 
07 and usually falls m the lower range of these figures. 
Duplicate inuhn itandaids containing 07, OD and OD 
rngm. per as well as tnplicate reagent blanks arc 
included. Apart from preparing washed yeast and wash 
mg apparatus, one analyst when using an 8-tubc, I H. C. 
centnfuge, can complete duplicate determinations on 5 
plasma and 8 unne samples, with one B, sample, b eight 
hours. 

Glucose m plasma and urine is analyzed by the Fohn 
(4) method, usmg the technique of a single standard as 
described by Smith, et al (12) 

Iodine is analyzed by the Kendall method as modified 
by Smith, et al (12) except that 3 cc Instead of 5 cc 
of plasma arc now used for low plasma iodine levels (1 
to 2 mgm. per cent) Two cc of plasma are used for 
bgh plasma lodmc levels. An automabc filling 2-cc, 
burette, graduated m ODl cc (E. Machictt and Sons 
New York) placed m a well lighted cabbet with wbtc 
mtenor has been found extremely useful for btrabon. 
Six plasma and 12 urbe samples can easily be analyzed 
m duplicate m eight hours by one analyst. This method 
has repeatedly been demonstrated to give 100 per cent 
recovery of added Iodine m organic form and yields very 
satisfactory The chief difficulty encountered m 

its use has been m the growth of mold on the mner walls 
of the S gallon bottles which we commonly use for dis 
tilled vrater This mold becomes detached and catalyzes 
the oxidabon of Kl to I,. The difficulty has been dr- 
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Fig 1 The Filtration Rate (Inulin Clearance) in Normal Subjects in Relation to the Renal 
Plasma Flow (Diodrast C l e a rance) During Basal Conditions, Ischemia Induced by Adrenalin, Etc , and 
Hyperemia Induced by Typhoid Vaccine or Pyrogenic Inulin 

On the assumption that diodrast Tw, which is a measure of the total tubular excretory tissue m the kidney, 
19 closely proportional to the total renal weight, a comparison of the muhn and diodrast clearances m terms of 
the respective value of diodrast Tm in various subjects is equivalent to comparing the filtration rate and renal blood 
flow per unit weight of kidney 

Each datum represents the average of two or more clearance periods, each subject fumishmg several datum 
on each examination under ischemia or hyperemia 

The sohd horizontal line shows the predicted relation if the changes m renal blood flow are attnbutable solely 
to changes m efferent resistance, the rising dotted hue shows the predicted relation if the changes in blood flow 
are attnbutable solely to changes in afferent resistance, the alternate resistance m each case remaining constant 
at the status of the mean of the basal observations, 95 per cent of which are included m the hexagon 


corded m the above papers and similar observa- 
tions, made by the same methods, which need 
not be presented m detail 
The above data are presented graphically m 
Figures 1 and 2 Each datum referred to the 
“basal" group is the average of three or more 
consecutive clearance periods taken on any one 
day, each subject being recorded as often as he 
or she was examined Each datum referable to 
“ischemia" or “hyperemia" is the average of at 
least two successive clearance periods obtained 
iunng reduced or increased renal blood flow, 
^ach subject thus contnbutmg several data from 


each occasion on which ischemia or hyperemia 
was mduced 

Figure 1 presents the ratio CmjTniD (the filtra- 
tion rate per unit diodrast Tm) m relation to 
CdITiud (the effective plasma flow per unit dio- 
drast Tin) Instead of analyzing this miscellany 
of data on their intrmsic relations, we have 
arbitrarily chosen to appraise them in terms of 
our previously published standard figures Gold- 
nng, et al (8) have reported that m 35 men and 
women the average value of CjnITiud = 2 56 
± 0 28 cc per minute, for purposes of com- 
parison we have marked this mean (sohd line) 
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resutance. 


With twice its standard deviation (dashed lines) 
on the ordinates of Figure 1 It is to be noted 
especially that the mean value quoted from 
Goldnng, et ol,, includes only observations made 
under what we have here called “basal * condi 
tions, and that in its calculation each subject 


enters only once, thus contributing to the mean 
only his or her average behavior, while the data 
of Figure 1 comprise the unaveraged and hence 
more widely distnbuted behavior of all mdivid 
uals, not only under basal conditionf, but also 
during ischemia and hy 
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It is evident from this companson that the mis- 
cellany of unaveraged values of Ci^rlTntD ob- 
tained at all renal blood flows is still adequately 
con tamed within the statistical parameters of the 
more restricted “basal” data It may be said, 
then, that the filtration rate per unit diodrast Tm 
in various normal subjects re tarns the same mean 
value dunng ischemia and hyperemia induced 
by the measures specifically stated above as it 
has m the basal condition (It is not implied 
that this constancy will obtam if ischemia or 
hyperemia are induced by measures other than 
those stated ) 

The view that this constancy of the filtration 
rate is to be attributed to the physiological ar- 
cumstance that changes m renal blood flow are 
mediated through changes in the tonus of the 
efferent, rather than the afferent, glomerular 
artenoles requires that the effective glomerular 
filtration pressure must vary mversely as the 
renal blood flow In the following discussion we 
shall mquire both whether the observed facts are 
open to any other interpretation, and if not, 
whether they are consonant with the application 
of simple hemodynamic pnnaples to the glomer- 
ular circulation 

THE NOTION OF CONDITIONED FILTRATION 

Although contrary to the accepted pnnaples 
applicable to glomerular filtration in particular, 
and capillary permeability in general, it might 
be argued that the constancy of the rate of glo- 
merular filtration at varying rates of renal blood 
flow IS attnbutable to speaal properties of the 
filtering bed whereby the separation of capsular 
unne from plasma is mdependent of glomerular 
pressure In considenng such an hypothesis, it 
must be noted that in mammals we have no 
speafic knowledge of the rate of passage of water 
per se across the glomerular membranes, our 
mformation being restncted to mulin and other 
solutes It might be supposed, then, that the 
glomerular membranes so condition the passage 
of muhn that the quantity of this substance 
which enters Bowman’s capsule per unit time is 
both constant and independent of glomerular 
pressure That such conditioning does not 
apply to mulm molecules per se is controverted 
by the facts, first, that muhn is present m the 


capsular fluid of frogs and nectun m the same 
concentration as it is present in plasma water 
(10), and second, that under controlled condi- 
tions in individual animails, muhn is excreted m 
widely varymg total quantities, but always in 
proportion to its plasma concentration (7, 11, 14, 
16, 19, 20, 23, 25), such wide latitude m absolute 
rate of excretion, combined with close pro- 
portionality to plasma concentration, is evidence 
agamst the conditioned passage of this molecule 
by the glomerular membranes 

It could still be argued, however, that the 
conditioning factors m the glomerular membranes 
are such as to permit the passage into Bowman’s 
capsule per unit time of a constant volume of the 
solvent, water, with its mulm and all other con- 
tamed solutes, the volume so passed bemg rela- 
tively mdependent of glomerular pressure (Such 
a system is roughly mutated m a “slow” filter, 
t e , one m which a high resistance so restrams 
the movement of fluid that hydrostatic pressure 
is subordmate to other forces m determimng the 
rate of passage ) 

Agamst this mterpretation the followmg evi- 
dence can be adduced Any membrane condi- 
tioning the passage of water independently of 
pressure can do so only under arcurastances 
where the gross movement of water is highly 
restncted, and where specific mtermolecular 
forces (surface tension, adsorption, diffusion, 
solubility, etc ) are the determinants of translo- 
cation Under these circumstances the passage 
of vanous molecular speaes are, with no known 
exception, differentially conditioned, at least to 
the extent that the more diffusible species move 
more rapidly than the less diffusible ones The 
now abundant evidence on the passage of solutes 
through the glomeruli reveals no such differential 
permeability The work of Richards and his 
collaborators (17, 18) has shown that all analyz- 
able, diffusible solutes in the plasma are passed in 
unchanged proportions into the capsular space 
of the Amphibia, the most noteworthy mstance 
bemg the simultaneous passage of water and 
muhn molecules, as referred to above An 
equally strong argument can be based upon the 
identity of the mulm and creatmme clearances in 
the dog, frog and rabbit (7, 11, 19, 20, 22, 39), 
which identity is preserved under all conditions 
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of filtration so far examined m normal animals. 
So far as man is concerned, more immediate 
evidence is available in the identity of the 
creatinme and mulin clearances in phlonzmized 
subjects (21), and the identity of the xylose and 
inuhn clearances during hyperglycemia m dog 
and man (Shannon and Fisher, 24, and unpub- 
lished observations by these authors) Lastly, 
there are now available observations that show 
that the clearances of mannitol, sorbitol, and 
sorbitan in normal men and v^omen, and in 
women mth pre-eclampsia are identical with 
the simultaneous mulin clearance (28) Smce 
the molecular species enumerated above differ 
markedly m diffusion veloaties and m physical 
properties (2, 31), this evidence argues against 
the behef that the constancy of the filtration 
rate is due to the arcumstance that the move- 
ment of water itself is restrained to a constant 
volume per unit time by the high resistance of 
the filter 

If the above evidence is adequate to exclude 
the conditioned passage of inulm specifically, and 
the conditioned passage of water and solutes 
generally, then the only alternative is to recog 
nize that water with its contained solutes moves 
through the glomerular membranes m conse- 
quence of differences m hydrostatic pressure, not 
restramed to a significant degree by viscous or 
fncbonal forces. This view is, of course, the 
classical concept of glomerular filtration 

FILTRATION PRESSIHIB EQUILIBRIUM 

We pass, then, to the consideration of the 
pressure relations within the glomeruU It is 
recognized, first, that the passage of plasma 
water and diffusible solutes into Bowman's 
capsule occurs only m consequence of the fact 
that the hydrostatic pressure withm the glo- 
merular capiilanes (Pa) exceeds the sum of the 
oncotic pressure (Po) plus the capsular pressure 
(Po) (By capsular pressure we designate the 
pressure existmg m Bowman s capsule this 
pressure will be approximately equal to the 
intrarenal or interstitial pressure and must, so 
long as unne is flowmg, be suffiaent to overcome 
the resistance offered by the tubules and collect 
mg ducts to the passage of unne mto the renal 
pelvis where, for purposes of discussion, the 
pressure may be tflhen to be zero ) 


Secondly, m conformity with generally ac 
cepted relations in the mesentenc and systemic 
capiilanes (12), we conceive that the filtration 
process is a reversible one and that if Pa falls 
below Pc + Pot fluid will be reabsorbed from 
Bowman's capsule mto the glomerular capil 
lanes. Hence we wnte 

filtration 

(7) P qZ . * Pc -f- Po 

reabsorption 

After a certam mterval of exposure an interval 
which will be determmed by the permeability 
of the glomerular membranes, the opposmg 
pressures tendmg to effect filtration and reab- 
sorption, respectively will become equal to each 
other and the process of filtration will stop 
This state we designate as filtration pressure 
equihbnum, or more briefly filtration equihb- 
num under these conditions, the hydrostatic 
pressure m the glomerular capiilanes (Pa ) is 
equal to the sum of the equilibnum oncotic 
pressure (Ptv) plus the capsular pressure (Pc) 

(2) Po -Pc + Po 

This concept of filtration equilibnum will be 
made clearer by reference to Figure 3 

We will return later to the question of whether 
or not the duration of exposure of the plasma In 
the glomerular capiilanes is suffiaent to permit 
filtration equihbnum to be reached But to 
faalitate discussion we will assume m the follow 
mg that such is the actual case, 

FILTRATION PRESSURE 

On the question of what pressure is available 
in the glomerulus to effect filtration Winton s 
(37 38) studies on the isolated dog ladney indi 
cate that the mean glomerular pressure m this 
preparation can vary from 30 to 90 per cent, and 
averages about 60 per cent, of the systemic 
pressure- If we take the more conservative 
figure of 50 per cent for the mean glomerular 
pressure, and if we take the mean systemic 
pressure as 90 mm of Hg the mean glomerular 
pressure (Pa) will average 45 mm As stated in 
equation (2), at equilibnum this value must be 
equal to the oncotic pressure plus the capsular 
pressure, Acceptmg the mulm/diodrast dear 
ance ratio as identical with the per cent of plasma 
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ArPERENT FLOW EFFERENT FLOW 



Fig 3 Filtration Equilibrium in Glomerulus 

It IS supposed that in the arterial end of the glomerular 
capillary water and solutes move from capillary mto cap- 
sule because the hydrostatic pressure (Po) exceeds the sum 
of the oncotic pressure (Po) and the capsular pressure 
(Pc) The pressure gradient between capillary and cap- 
sule, mdicated by the shaded area, is dissipated in effecting 
the process of filtration and moving the blood forward in 
the capillary, so that by the time the blood reaches the 
efferent artenole Pa *=* Pc + Poo and the process of 
filtration stops This condition is designated as filtration 
eqtulibnum Insofar as the hydrostatic pressure suffers a 
further decrement m the distal portion of the capillary 
after filtration eqmlibnum has once been reached, capsular 
flmd will be reabsorbed, as m the systenuc capillaries, 
leaving Po =* Pc + Po' 

Smce Po» may be calculated from the mitial oncobc 
pressure of the plasma (Po) and the filtration fraction, we 
may, by taking Pc at an arbitrary and constant value, 
calculate Pa* for various values of the renal plasma flow 
(diodrast clearance) and filtration rate (mulm clearance) 

water filtered through the glomeruh, or what we 
have called the filtration fraction (FF), we may 
calculate the equilibnum oncotic pressure (PoO 
as 

(3) Fo'=Po[l+jQ^f^). 

where Po is the initial oncotic pressure 

FF averages 18 9 per cent m men and 19 8 m 
women, takmg the round figure of 20 per cent, 
and takmg Po as 24 mm (36), at filtration 
equihbnum the plasma protems will have been 
concentrated 1 25 times, and Po raised from 24 
to 30 mm Hg Under these conditions the 


capsular pressure (Po = Po' - PoO will be equal 
to 45 30 or 15 mm ^ There is, at present, no 

way of determming the capsular pressure in 
man, but Wmton (38) reports the interstitial 
pressure of the exased dog kdney to be typically 
below 15 mm Hg, and it may be inferred that 
the normal value m man, if not less than this, 
is probably not more than 25 mm 

Acceptmg tentatively the figure of 15 ram for 
the capsular pressure, and assummg that during 
constnction of the efferent artenoles Po» rises 
to 70 per cent of the mean systemic pressure, or 
to 63 ram , then filtration will continue until Po 
nses from 24 to 48 mm (63 ~ 15 mm ), , 

until the plasma protems have been doubled in 
concentration by the filtration of 50 per cent of 
the plasma water A filtration fraction of 50 
per cent lies well above the highest normal filtra- 
tion fraction on record (33 per cent), so that it 
appears that ample pressure can be made avail- 
able by efferent constriction to account for both 
the mean and the maximal filtration fraction 
observed 

Smce at equihbnum, Po* = Po* + Pc, the last 
two terms set the maximal hydrostatic pressure 
available to propel blood through the efferent 
artenole and the postglomerular arculation 
Continuing with the above example, if SO per 
cent of the plasma water is filtered, the hydro- 
static pressure will be 48 + 15 = 63 mm , while 
if only 10 per cent of the plasma water is filtered, 
the hydrostatic pressure will be 26 6 + 15 = 41 6 
mm Both dunng ischemia and hyperemia, 
therefore, there will be suffiaent hydrostatic 
pressure at filtration equihbnum to maintain the 
postglomerular arculation If filtration equi- 
librium IS not reached, Po* will be greater than 
Po* + Pc and a still more effective pressure head 
will be available for the postglomerular circula- 
tion 

VELOCITY OF FILTRATION 

Whether the permeability of the glomerular 
membranes is such as to permit filtration equilib- 
num to be reached before the blood leaves the 
glomeruli is not established Richards and 
Walker (18) report that the glomerulus of the 
frog may filter water at the rate of 4 cubic mm 
per hour The effective filtration pressure in the 
frog may be taken as 2 5 to 5 mm Hg (6, 9, 31) 
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With 2,4(55,600 glomeruli m two human kidneys 
(14), a comparable rate of filtration would yield 
32 to 64 oc per ram Hg efifective filtration pres- 
sure and, since the initial glomerular pressure 
probably exceeds Po + Po by several raiJU 
meters, the above figure exceeds the requirements 
of the largest observed filtration rate 

The total capillary surface area of a typical 
human glomerulus, accordmg to Book (1), is 
0 3813 sq mm , m the two kidneys the total 
filtering surface would then be slightly under 1 0 
sq m Taking the average renal plasma flow as 
688 cc, per mmute and the average filtration rate 
as 130 cc per minute, it follows that some 12 cc 
of plasma are passed per second over a filter 
which has a total area of about 1 0 square meter, 
givingasheetof plasma virtually 0 012 mm deep 
(The filter itself is scarcely over 0 001 mm m 
thickness) The premise of filtration equilibrium 
requires that withm one second s time and by 
the movement of 20 per cent of the vv ater through 
thefilter the pressures on both sides are equalized 

Landis (12) has calculated that an increment 
of 50 mm HjO increases the rate of filtration 
through the mesentenc capillaries of the frog by 
0 03 cubic micra per square micron per second 
With a total capillary area of 1 0 meter, 50 mm 
of HjO, or 3 68 mm Hg, would filter 4 74 cc. of 
water per mmute This figure is considerably 
below both the filtration rate recorded by 
Richards and Walker and the requirements of 
the human glomerulus, but it is not of an order 
of magnitude to cast senous doubt upon the 
possible velocity of filtration m the latter 

If filtration equilibrium is not reached m the 
distal portion of the capillary, the glomerular 
membranes fall m the category of a “slow ' filter 
as described above, and it would be expected 
that there would be a dififerential passage of 
those solutes which have a much higher diffusion 
coefiicient than does mulm (2) The evidence 
agamst such differential passage, as reviewed 
above, argues generally in favor of equihbnum 
Although the thesis is not at present amenable to 
experimental proof m the human kidney, we are 
inclmed, m the light of the available evidence, 
to accept it as a premise m the analysis of 
glomerular dynamics 

If filtration equihbnum is reached at normal 
rates of blood flow, it will also be reached during 


ischemia, smce greater time will be available for 
equihbnum to be attamed And smce the 
maximal rate of blood flow m any one mdividual 
IS but little over twice the basal, it may be 
assumed that filtration equilibnum will also be 
reached dunng renal hyperemia 

FILTRATION FRACTION IN RELATION TO 
RENAL BLOOD FLOW 

In Figure 2 we have plotted the filtration 
fraction (calculated as the mulm/diodrast clear 
ance ratio) against the diodrast clearance per 
unit diodrast Twi, or ColTmo * and it will be 
seen that the filtration fraction is mversely re- 
lated to the renal plasma flow— a statement 
which 18 merely a corollary of the fact (Figure 1) 
that the filtration rate is constant at all rates of 
renal plasma flow 

The inverse relationship of Figure 2 is de- 
scribed by the formula for a rectangular hyper 
bola wherein the product of the two terms, FF 
and ColTniDt is a constant 

w = ^ 

Smce 

(5) FP CdITvid = CiffjTtni), 
it follows from (4) that 

( 6 ) CufiTmo = k 

The value of A as given by the ratio Cn/JTtno 
m the observed data is 2 56 ± 0 28 Inserting 
this value m equation (4) yields the solid curve 
m Figure 2, while db 2c yields the dashed hnes. 

CHANGES IN GLOMERULAR PRESSURE AND BLOOD 
FLOW ATTRIBUTABLE TO CHANGES IN 
efferent arteriolar TONE 

In order to mterpret the data of Figures 1 and 
2, we pass to the consideration of what relation 

* It does not materially alter thi* analytu if the diodrast 
extraction ratio m the blood going to active nephrons is 
less than 1 0 by some constant amount or if a small fraction 
of the unnary diodrast la derived from the red blood cells 
(5 33 34) Appropriate correction for this arcurostance 
can be made by taking the true plasma Bow os Co/fin, 
where Et> is the arteriovenous diodrast extractloa ratio In 
this blood. Substitution of this term in equation (4) will 
lead to proportional changes in all subsequent calculations 
but will not change the general dynamic relations. The 
maximal correctioa as Indicated by the available data on 
Ed In the dog is about 10 per cent- 
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ships may be expected to obtam between 
Ci^lTniDt CdITdid and FF if changes m renal 
blood flow are the result solely of changes in re- 
sistance offered by the efferent arterioles, the 
resistance offered by the afferent artenoles and 
the postglomerular arculation and the mean 
systemic pressure remaining constant 

In any simplified quantitative treatment, it is 
unnecessary to consider the whole blood diodrast 
clearance, since the plasma diodrast clearance 
serves equally well to descnbe volume flow 
changes so long as the relative volume of cells m 
the blood remams constant We may, in general, 
speak of changes in blood flow, although actually 
all data and equations given here refer to plasma 
flow We may also neglect changes m viscosity 
assoaated with the separation of glomerular fil- 
trate, that such changes do occur is clear, but it 
is doubtful if they are normally of such a magni- 
tude as to be important 

The following propositions are germane to the 
quantitative description of glomerular pressure 

(a) The glomerular blood flow is represented, 
not by the afferent (or total) flow entenng the 
glomerulus, but by the efferent flow leaving the 
glomerulus , assummg that there is no significant 
aglomerular blood supply to the tubules, the 
efferent flow is given by the difference between 
the total flow, CD/TniDt and the volume of fil- 
trate, CiNlTifiDt or Cd/Tvid “ CiNlTmo 

(b) The effective glomerular pressure (t e , the 
pressure available to move blood between the 
glomeruh and the renal vein) is the difference 
between the hydrostatic pressure m the efferent 
end of the glomerular capillanes and such 
pressure distally as may oppose this hydrostatic 
pressure Contributing to this opposing pres- 
sure IS the renal venous pressure, a force so small 
(1 to 3 mm Hg)that for general purposes it may 
be neglected But in addition to venous pres- 
sure, a force equal to the sum of the renal inter- 
stitial pressure (Po) plus the oncotic pressure of 
the blood (Po) opposes the perfusion of the kid- 
ney The way m which the latter operates will 
be clear if it is noted that within any semiper- 
meable compartment immersed m water at 
atmosphenc pressure there exists a hydrostatic 
pressure relative to the atmosphere equal to the 
osmotic (or oncotic) pressure of the non-diffusible 
constituents, this hydrostatic pressure must be 


maintained so long as water continues to exist 
outside the compartment, otherwise water will 
enter until equality between osmotic force and 
hydrostatic pressure is re-established Con- 
versely, m order to mam tarn water outside the 
compartment, the mternal hydrostatic pressure 
must equal the oncotic pressure 
Applying the above principle to the kidney, if 
at any point in the capillary bed between the 
glomeruli and the renal vem an opportunity 
exists for osmotic equilibnum to be attained be- 
tween the blood and the interstitial fluid, then 
the hydrostatic pressure of the blood m the 
peritubular capillanes must be at least as large 
as the oncotic pressure, Po Should the pressure 
be lowered at either end of the capillary, the 
mtemal hydrostatic pressure will move blood 
edong the pressure gradient and simultaneously 
mterstitial fluid will move into the capillary, and 
this process will contmue until the mgress of 
mterstitial fluid either restores the hydrostatic 
pressure to Po, or until the available interstitial 
flmd IS exhausted Thus, so long as free inter- 
stitial fluid exists and so long as opportunity is 
afforded for the attainment of osmotic equilib- 
num between this fluid and the plasma, the 
hydrostatic capillary pressure cannot be less 
than Po Now in pomt of fact mterstitial fluid 
IS present around the pentubular capillanes 
throughout their length, and m view of the large 
expanse of these capillanes it must be assumed 
that osmotic equihbnum does exist along at least 
some portion of this capillary bed, consequently, 
the capillary pressure in this bed and at all points 
proximal to it cannot fall below Po (This is 
equivalent to saying that in consequence of the 
fact that water is free to move through the 
capillary wall, the capillary is compressed by an 
external force equal to the difference m vapor 
pressure of water on the two sides, t e , the oncotic 
pressure Once the blood moves into an im- 
permeable vessel (vein) the hydrostatic pressure 
will fall below the oncotic pressure, since the 
mgress of water to maintain this pressure is no 
longer possible The above argument will per- 
haps be clearer if, for such expressions as ''os- 
motic equilibrium " or the opportunity to attam 
osmotic equilibnum*' there is substituted the 
idea of an mstantaneous transfer of water to the 
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end that osmotic equilibnum is mvanably main 
tamed ) 

Smce there also exists m the ladney an mter- 
stitial pressure {Pc) which compresses the capil 
lary bed externally, this pressure must be added 
toPoi so that the minimal capillary pressure must 
be wntten as equal to Pc + Po Only when the 
perfusion pressure exceeds Pc + Po will fluid 
move through the pentubular capiUanea into 
the renal vein , short of this time any mcrement 
m perfusion pressure will serve only to move 
fluid out of the capillary into the interstitial 
space until osmotic equilibrium is attamed 

The effective perfusion pressure, Pm is then 
the glomerular pressure, Pa, mmus the opposed 
pressures, Pc + Po, or 

(7) Pb^ Pa- {Po + Po) 

(c) Where a change in blood flow results from 
a change in the resistance offered by the efferent 
artenoles (both aJferent artenolar resistance and 
poatglomerular resistance being held constant), 
the effective perfusion pressure, P^, will accord 
mg to hemodynamic pnnaples vary mversely as 
the efferent blood flow or 


Since Po m any one subject is m prmaple a 
fixed value, 

(f2) CuflTmo a a constant value, 

Thus it b deduable m theory that, when 
changes m renal blood are a result solely of 
changes m the resistance offered by the efferent 
artenoles, the rate of glomerular filtration will 
remain constant This xs the relationship which 
13 demonstrated to exist m fact m the human 
kidney as shown m Figure 1 

Relative to equabon (iJ), CufjTmD has the 
expenmentally determm^ value of 2 56 if Po 
is taken as 24 mm Hg (36), »= 61 4 The 

inverse relabona that exist between Co and PP 
(Figure 2) issue, of course, directly from the 
constancy of the mulm clearance 

By arbitranly taking Pc « 15 mm Hg {vide 
supra) j and assuming that this term remains 
constant at varymg rates of blood flow, and by 
takmg Po =» 24 and Cw/Pmo as equal to 2 56 
(as expenmentally observed) Pq can be calcu 
lated from equabon {IQ) for vanous values of Cd 
Such calculated values are shown graphically m 
Figure 4 


^ ^ CdJTuid ^ CttfjP^D 

Hence, from (7) and («y), 

(P) Pa-- P 0 + P 0 + 

The above equabon affords a hemodynamic 
descnpbon of how the efferent blood flow will 
vary with changes in glomerular pressure when 
the variable resistance is on the efferent side of 
the glomeruh 

(d) But under the premise of filtrabon eqm 
hbnum, the glomerular pressure, Po, as it appears 
m equabon (P), is idenbcal with Po m equation 
{Z) by subsbtubng for Po m this equabon 
the nght hand term of equabon (d), and replac 

mg PPby-~j^^ of equabon (tf), it follows that 


Po 


^ Pa Po -{■ 


PoCmlTmp 

CpjTmD ^ CiffjTmp 


Equatmg (P) and {JO), 

PoCwITmo ■=* ki 


UAXntAi FILTRATION FRACTION AND EFFERENT 
GLOMERULAR STASIS 

Under extreme efferent constncbon, Po + Po 
wiU ultimately nse to a value equal to the mean 
systemic pressure, and consequently PP must in 
theory have an upper limiting value At a mean 
systemic pressure of 90 mm Hg, PP can n ot 
exceed 68 per cent for at this degree of protem 
concentration Po* will be 75 mm which, with 
Po — 15 mm , will give a glomerular pressure 
equal to the systemic pressure, or 90 mm In 
sofar as this pressure exceeds the poatglomerular 
pressure, blood will flow through the glomeruli 
with the maximal filtration fraction of 68 per 
cent Further efferent constnction will then 
reduce this blood flow without mcreaalng the 
percentage of water filtered Actually stasis will 
no doubt occur before the resistance of the effer 
ent arterioles is such as to produce a maximal 
filtration fraction, smce the abstraction of plasma 
water will produce a cntical mcrease m the ap- 
parent viscosity of the blood cells, and an m 
crease m viscosity will serve just as well to raise 




Fig 4 Equilibrium Glomerular Pressure (Pq ) Calculated for Efferent Control (Solid Line) 
AND Afferent Control (Dotted Line), Assuming That the Tone of the Afferent or Efferent Arterioles, 
Respectively, Remain Fixed at the Normal Basal Values Corresponding to the Median of the Basal 
Data in Figure 1 


Pg' to the level of the systemic pressure as an 
mcrease in efferent arteriolar resistance 

Whether glomerular stasis ever results m fact 
from efferent artenolar constriction cannot be 
said at the present time At the lowest rates 
of blood flow recorded here, neither the limit set 
on the filtration fraction by the available sys- 
temic pressure nor that set by increasing vis- 
cosity of blood has apparently been approached 

CHANGES IN GLOMERULAR PRESSURE AND BLOOD 
FLOW ATTRIBUTABLE TO CHANGES IN 
AFFERENT ARTERIOLAR TONE 

(e) Where a change in blood flow results from 
a change m the resistance offered by the afferent 
arterioles (both efferent artenolar resistance and 
postglomerular resistance being held constant), 
the effective perfusion pressure, Ps% will vary 
directly as the efferent blood flow, or 

{13) Ps - HCu/TmD - CmlTniD) 


Since forward blood flow will not begin until 
Po exceeds Pc + Po (as shown under (6) above), 

{14) Po = Pc + Po + k^{CDlTmD CinITiho) 

This equation affords a hemodynamic de- 
scription of how the efferent blood flow will vary 
with changes m glomerular pressure when the 
vanable resistance is on the afferent side of the 
glomeruh 

Agam Pg may be identified with the equilib- 
rium glomerular pressure Pq>, at any point 
where this value and CdITpid and CinITikd are 
known, the value of ki may be calculated, this 
value representing a given fixed efferent resist- 
ance For this purpose we select the mean 
blood flow under basal conditions, where Cd/Twd 
= 13 4, CmlTntD = 2 56 and, according to equa- 
tion {10), Pg — 4A 61 From equation {14) it 
follows that ^2 = 0 521 By the introduction of 
this value m equation {14) and by the rearrange- 
ment of this equation, we may calculate the 





CLOMERULAfi DVNAMICS 


761 


values of Pa , QfflTmot and FF corresponding to 
various values of Cd, Pm is first obtained for 
selected values of ColTmo “ CjsITmo by mulU 
plying the latter by kj, adding P3 to Po yields 
Po*t which when added to Po yields Pq , while 

n f'T^ _ CofTniD — CifflTmo 



CuflTmo =* ColTmo ~ (ColTmo “ CiNlTinD)^ 
and FF = Cxn! Cd Values so calculated are 
shown graphically as the dotted lines in Figures 
1. 2 and 4 

MAXIMAL AFFERENT CONSTRICTION AND 
AFFERENT GLOMERULAR STASIS 

If the glomerular pressure is lowered by con 
stnction of the afferent artenoles, Pa will fall 
below Po + Po and fluid will be aspirated from 
Bowman’s capsule mto the glomerular capiUanes, 
accordmg to equation (i) Interstitial fluid will 
also be aspirated mto the peritubular capillanes, 
and the hydrostatic pressure m the latter, and 
therefore the pressure opposmg perfusion will 
decrease. Insofar as blood escapes into the 
renal vein, it will aspirate fluid from both Bow 
man’s capsule and interstitial space until the 
mterstitial pressure is reduced from +15 mm to 
—24 mm Hg Actually the glomerular circula 
Don will be arrested mtercunrently by viscous 
resistance, since the apparent viscosity of blood 
rises very rapidly at critical low rates of flow, a 
arcumstance which itself obstructs perfusion of 
organs at low hydrostatic pressures (35) This 
cnbcal mcrease in viscosity ^snll probably pro- 
duce glomerular stasia before an increase m 
afferent resistance per se lowers the glomerular 
pressure to cntical values 

OBSERVED CHANGES IN THE AFFERENT 
ARTERIOLAR TONE 

It IS possible to discover m the present data 
certain mstanccs where changes m renal blood 
flow are positively correlated with changes m 
filtration fraction, but m all these mstances the 
data reraam withm the statistical parameters 
which we have accepted as definmg the variations 
in the basal condition, variations possibly at 
tnbutable to differences in Poi Po and mean 
systemic pressure m different mdividuals or m 
the same individual at different times, and it 


would be mconsistent with the statistical treat 
ment to attach any contrary significance to them 
The most one can say is that shght changes m 
afferent tone perhaps oompheate what is pre- 
doimnantly efferent regulation If they are to 
be so mterpreted, these changes will be amenable 
to more accurate evaluation when a method is 
available for expenmentally and reproduably 
modifymg the tone of the afferent artenoles 

In r^3um6, the observed fact that the rate of 
glomerular filtration tends to remam constant at 
varying rates of renal plasma flow must, under 
the premise of filtration equihbnura, necessarily 
be the case if the change m rate of renal blood 
flow IS a consequence of changes m the tonus of 
the efferent artenoles. 

The effects of changes m the tone of the af- 
ferent artenoles in the face of constant efferent 
tone, have been desenbed in prmaple. How 
ever no method of consistently altenng the 
afferent tone is available at the present time, nor 
can any of the observed vanations m renal blood 
flow m the present data be defimtely attnbuted 
to changes m afferent tone. 

Returning to a question raised earlier in the 
discussion it will be recalled that the calcula 
tions on glomerular pressure presented here are 
made under the premise that filtration pressure 
eqmlibnum is attamed in the glomeruh If 
filtration eqmlibnum is not attained, the glomer 
ular pressure must exceed Pc + Po (equations 
10 and 14) by whatever gradient exists between 
the mtenor and extenor of the glomerular capil 
lanes regardless of whether afferent or efferent 
artenolar changes predommate m produemg the 
changes m the renal blood flow It would be 
expected that this gradient will be roughly pro- 
portional to the rate of glomerular filtration 
since it represents a head of energy necessary to 
dnve plasma water and solutes through the 
glomerular membranes, and that it can be 
closely desenbed by adding some value which is 
proportional to the filtration rate (for example, 
kiCiu) to the left hand term of equations (10) and 
(14) But m the hght of all available evidence 
and until defimte evidence to the contrary is 
available, we may reasonably consider that at 
the efferent end of the glomerular capillary this 
gradient is so small as to be neghgible 
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It must be noted that, in view of the relation- 
ship shown m Figure 1, neither the filtration rate 
nor any clearance closely dependent upon it 
(urea, creatinine, ferrocyanide, etc ) is of any 
value m revealing changes in renal blood flow m 
man under such conditions as those examined 
here 

POSSIBLE r6lE of ARTERIOVENOUS ANASTOMOSES 

Spanner (29) has reported the existence of 
anastomoses between the mterlobular arterioles 
and vems m the human kidney, and he believes 
that these anastomoses permit the retrograde 
perfusion of the cortical capill 2 mes at a time when 
the glomerular circulation is partly or wholly 
arrested If such anastomoses function as 
postulated by Spanner, it is conceivable that 
their dilatation or constnction could increase or 
decrease the blood flow to the renal tubules, and 
therefore the diodrast clearance, quite apart 
from any change m glomerular circulation, under 
which circumstances the filtration rate might 
possibly remam constant in spite of large changes 
in total renal blood flow The existence of 
artenovenous anastomoses cannot be disputed 
in the face of Spanner's careful injection expen- 
ments, but there is no evidence at the present 
time that they actually do permit the retrograde 
perfusion of the capillanes in the intact kidney, 
or that their number is sufficient to mcrease the 
total blood flow substantially above that afforded 
by the glomerular circulation 

Spnngorum (30), using dogs anesthetized with 
pemocton, has exammed the changes in artenal 
and renal venous pressure relative to changes in 
renal blood flow (thermostromuhr) under the 
action of adrenalm, sympatol, veritol, the carotid 
sinus reflexes, reflex anuna, and histamme, and 
has found no evidence of the functional activity 
of such anastomoses We would not deny the 
possible importance of A-V anastomoses in 
shunting blood from arteries to veins under spe- 
aal arcumstances, but we are aware of no evi- 
dence which mdicates that a retrograde perfusion 
of the capillaries contributes significantly to the 
changes m blood flow described here If retro- 
grade perfusion does occur, it would not alter the 
application of the hemodynamic pnnaples dis- 
cussed above to the changes in the arculation 
through the glomeruh Appropnate correction 


of the total diodrast clearance for the aglomerular 
blood flow would increase the value of FF, and 
consequently of Pau above the apparent values 
as now calculated, and msofar as variations in 
blood flow are purely tubular, would propor- 
tionally reduce the amount by which the glomer- 
ular blood flow 13 altered under the various ex- 
penmental conditions 

The question of whether the number of “ac- 
tive" glomeruli is increased dunng hyperemia or 
decreased dunng ischemia is subordinate to the 
question of the existence of aglomerular channels 
permittmg the direct perfusion of the tubules, 
and need not be discussed at this time 

We defer for future discussion the fact that (as 
judged by the urea clearance) the filtration rate 
m dogs maintained on low and high protein diets 
vanes directly with renal blood flow (40) It 
IS possible that dietary factors (in contradistmc- 
tion to those examined here) act pnmanly upon 
the afferent artenoles, or it may be that m the 
dog the afferent artenoles play a larger rOle in 
the control of renal blood flow than they do m 
man It should be noted, however, that the 
average filtration fraction is considerably higher 
m the dog (29 7 per cent (4)) than m man (18 9 
per cent (5)), whereas the available data on the 
renal blood flow/cardiac output fraction indicate 
lower values for this ratio m the dog (18 per cent 
(13)) than in man (1 19/4 0 = 29 per cent (<?)) 

If Pc and Po are assumed to be the same m the 
two speaes, the meager data m the dog indicate 
that this animal has basally a considerably 
greater efferent artenolar tone than has man 

SUMMARY 

Data on the diodrast and mulin clearances 
(both referred to the tubular excretory mass) 
obtamed under basal conditions and dunng renal 
ischemia and hyperemia have been analyzed with 
speaal reference to glomerular dynamics 

The concept is developed that the separation 
of fluid in Bowman's capsule is a process of 
reversible filtration comparable to the formation 
of mterstitial fluid by the systemic capillanes, 
and that m the distal portion of the glomerular 
capillary the hydrostatic pressure and the pres- 
sure opposmg it, vtz , the sum of the plasma 
oncotic pressure and the capsular (renal inter- 
stitial) pressure, are equal This equality, which 



GLOMERULAR DYNAMrCS 


763 


18 designated as filtration equihbnum, will in 
principle be maintained so long as the glomerular 
arculation is active and Bowman's capsule 
contains free fluid 

It 13 further pointed out that the perfusion of 
the glomeruli is opposed both by the interstitial 
(capsular) pressure and by the oncotic pressure 
of the plasma, the latter reraainmg effective so 
long as mterstitial fluid exists around the pen 
tubular capillanes and so long as this fluid is m 
osmotic equihbnum with the plasma at any 
point- 

It 18 deduced that, where changes in renal 
blood flow are attnbutable solely to changes m 
the tone of the efferent artenoles the rate of 
glomerular filtration will be constant and inde- 
pendent of renal blood flow This is in fact the 
case under the particular conditions of ischemia 
and hyperemia exammed here 

Taking the plasma oncotic pressure and the 
capsular pressure at arbitrary values, the equi 
libnum glomerular pressure is calculated for 
vanous conditions of renal blood flow from the 
diodrast and inuhn clearances 

Calculations are presented to show the effects 
of changes m the tone of the afferent glomerular 
artenoles on the renal blood flow and the rate of 
glomerular filtration, but it is pointed out that no 
method is available at the present time to alter 
consistently or reproduably the tone of the af 
ferent artenoles- 

The theoretic glomerulo-dynamic factors in 
volved m glomerular stasis, both of efferent and 
afferent artenolar ongin, and the significance of 
artenovenous anastomoses and the retrograde 
perfusion of the tubules through such anasto- 
moses, are bnefly discussed 
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READ BEFORE THE BCIEimJIC SESSION 
FREStDENTIAL ADDRESS 

Functions and Dysfunctions of Learned Societies 
By Isaac Starr 


In tune* of intellectual activity men with commoo m- 
Xucsts have always orffanizcd thcmielve* into tooetic*. 
I propose that we cataminc the nuson detre of such 
»odetief» ask what the aim* arc, and then, changing 
from the general to the particular ask ourselves how well 
we are accomplishing the aim* we have in mini 

Certainly we are not a dub whose aim i* the enter 
talmncnt of the members. We do not come together for 
mutual admiration and we are not concerned with per 
petuatmg the past We are concerned ivith the present 
and the future, and the proper aim of learned societies 
as I see it IS a double one first to set a standard and 
secooi to provide a service. What do we ann to accom 
pluh m these directions and how successful are we m 
attaining our objectives? 

The presidential address of our first president Dr 
Mcltaer was published m the Journal of the American 
Medical Assodatioo (J A. M. A., 1909 53 508) I 
hope that you have rc^ or will read iL In a fighting 
speech he defends the claims of climcal research against 
attacks emanating from two directions first the Inertia 
of those in authority seconi the lure of what he calls 
the “golden calf** of practice. Though it i* nowhere 
explicitly statci Mcltzer** ideal for this society stands 
out plainly it is to be composed of young men who 
win have the truth at any personal sacrifice. May this 
remam our ideal stilU 

But times have greatly changed since 1909 The in- 
terest m research has increased until it is now a matter 
for newspaper headline* and the only criticism that could 
be made of those m authonty who are so often among 
the founders of our society is that in certain places there 
K«mj to be some lack of discrimination between the 
search for truth and the wnbng of papers. But today 
r 11 pay lip service to research if they pay no more. So 
we find ourselves m a situation quite different from that 
existing when our society was founded and it is time to 
reconsider our aimii_ 

The scrvKc we atm to supply may be considered under 
three headings. Let us take first that rendered by the 
Journal of Climcal Invcstigatioii, To those of us who 
arc considered to be clinicians by physiologists blochem 
i*ts, and mummologists considered to be physlolo- 
gists, biochemists, or immunologitts by most clmicaans 
the existence of this journal ba* been a godseni With 
out my particular effort to direct the subject matter sub- 


mitted, it has become the locus of the papers concerned 
with clinical mveibgations made by quantitative methods 
and so it IS m the forefront of that change from descrip- 
tive and qualitative methods to the more exact quantita 
tive m e a surements, a change which has made possible the 
great advances of physic* and chemistry and which may 
well produce as great a revolution m medical practice. 
Let us pause to pay tribute to the Rockefeller Founda 
tion whose financial support made the starting of our 
Journal possible, to the medical dimes, and to the Chcmi 
cal Foundation which assisted it at a time of need, and 
especially to the editors who entirdy without financial 
recompense, have given so much thne and effort to mak- 
ing the Journal what it is. 

Our second method of service la In these mcctiog*. I 
find that any attempt to read the medical htcrature sys 
tematically is overwhelming I am counting more and 
more on meetings such as this to keep me on the firing 
line. But I sometimes wonder whether greater service 
might not be possible. Our program* have contained 
very little of what may be called synthetic thinking It 
is true that 100 years ago, and more, medical speculation 
was almost wholly fanafuL From this we were rescued 
by the great pathological school with its msutence on 
demonstrated facts, and a* a result the promulgation* of 
theories became nqt quite comme fl faut But, on the 
other hanft , fact* are not of equal importance. In every 
mvcstigation there is a period when one must decide 
which fact* arc worth discovering To do this logically 
one must picture to himself what the situation i*. In 
this coimcctioa I want to point out a difference between 
clinicians and other sacntists which is sometime* a cause 
of misunderstanding Chemists, physiologists, and the 
like, working m pure saence, arc under no pressure to 
make up their minds. If thnr grasp of any situation 
doe* not please them, they can wait any length of time 
before committing themselves. But a cli ni cia n , con 
fronted with a patient, must come to a decision, and to 
act intelligently he must create a picture of the situation, 
even though the endcnce on which to base it is scanty 
indeed Hence, climcal thcone* are, by the very nature 
of things, less firmly based than those in the branches 
of pure saence. But they arc not less important and, 
in ray opinion our program would be improved by study- 
ing the methods of the great English school of physi- 
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o2og> whose members have never been afraid to attempt 
to synthesize the facts into simplifying theories 

It IS true that some persons, like imaginative children, 
seem quite unable to distinguish the facts from the fig- 
ments of their imagination, but this is no excuse for fail- 
ing to try to synthesize the facts we have. Scientists 
who have never made an observation or conducted an 
experiment may contribute signally to our understanding 
of nature. If one were only clever enough what might 
not be gleaned from the multitude of observations and 
experiments m the medical literature and from the long 
stacks of hospital records now gathering dust? We are 
spending much time, effort, and money in our dimes ac- 
curaulatmg records, apparently in the pious hope that 
some day somebody is going to synthesize something use- 
ful from the multitude of data they contain. 

Our third method of giving service is less tangible, but 
I believe that it is very important It consists of the ad- 
vantage that comes with a wide acquamtance among sa- 
entific investigators. The ideal doctor, like the philoso- 
pher, should have at his command the sum total of all 
knowledge and any idea that one man can cover the field 
of modem knowledge applicable to medicme is pre- 
posterous We must cooperate. I hope that membership 
m this society makes it easier for young mvestigators 
> ask questions and obtain criticism from those whose 
^•enence and effort are m a different direction from 
• I am convmced that a few questions asked of 
just the right people will usually secure a nearer ap- 
proximahon to the truth than can be discovered m many 
months of patient search of the literature. I hope that 
personal contact at our annual meetmgs may make such 
things easier 

If mvestigators would think of their confreres not as 
rivals but as friends cooperating against common diffi- 
culties, much would be gamed for science m America. 
It 13 ray hope that this society will bnng about friend- 
ships of this sort and so avoid the silly acrimonious con- 
troversies which have so plagued some branches of 
saence. 

I think few people have any doubts about the value 
of the services rendered by this and other learned socie- 
ties, but the difficulties begin when they start to exercise 
their other function, that of setting a standard. 

We set standards when we select members for our 
society, and here our standards have changed. When this 
society was four years old the secretary sent out a circu- 
lar letter urging the members to nominate fnends who 
might be mterested. Now the waitmg list far exceeds 
the present constitutional lumt of membershipl In the 
earlier days mterest m research was deemed sufficient 
Now we demand tangible evidence of accomphshment 
The descriptive essays which have played so large a part 
m medical hterature are not good enough for us now 
The tremendous growth of research interest in Amenca 
greatly mcreased the number of available candidates 
and from those your council must try to select the best 
on the basis of the candidate's publications, his academic 
rank, and the letters from members about him. As is 


ine> liable, mstitutional pride and personal friendship 
color the recommendations so that the council has a hard 
time deadmg One problem is particularly bothersome. 
Candidate A has worked m a laboratory known to be 
highly productive, and its resources have been at his 
command. His production is superior to that of B, but 
B has been working without either scientific or financial 
support Which is the better man? Tune will tell but 
until it does I do not think the question can be an- 
swered with confidence, and when I adxmt this I admit 
that mistakes m the application of our standard are 
mevitable. 

A second method of setting our standard is m the selec- 
tion of papers for the program. This duty of the presi- 
dent must be performed by inspection of abstracts m a 
very short period of tune. Agam mistakes are inevitable. 
The selection is not always on the basis of mtnnsic 
merit, general mterest, timelmeas, and the ability of the 
author to present his work dearly, must be considered. 
But due to the energy and cooperaUvencss of the mem- 
bers who annually submit about four times the number 
of titles which can be accommodated, I do not believe 
that there is another medical program of comparable 
sue which, year m and year out, contains so much of 
real mterest 

Our third method of raamtaimng a standard is by the 
selection of papers for our JoumaL With this I per- 
sonally have had no experience, but several facts should 
be brought to the attention of the members Like the 
other scientific journals owned by learned soacbes, the 
Journal of Quucal Investigation was not bom because 
of a widespread demand on the part of the membership 
In its early days it was proper and mevitable that control 
should reside with the group who initiated it and who 
were m a position to finance it But now, although our 
Journal is self supporting, the membership as a whole 
has neither taken the interest it should nor exerted the 
authonty it possesses m the Joumars affairs, I suppose 
that Ib is mdicates complete satisfaction with things as 
they are. If it does not, it i5 the fault of the membership 
Itself Helpful criticism by members has been conspicu- 
ous by its absence and it might do much to strengthen 
the Journal 

Dunng the foregomg discussion of the functions of 
learned societies, perhaps my next pomt has already oc- 
curred to you. It IS that the two chief functions of 
learned societies are, in a measure, m conflict. Thus 
there are some who thmk that the membership should be 
enlarged and the program expanded. Their aim is to im- 
prove the service given by the soaety This is opposed 
by others who pomt out that such a change would lower 
our standard of excellence. 

Too much emphasis on standards is a cause of decay, 
often It IS a psychological defense mechanism set up by 
persons no longer productive. The organizations which 
become more and more exclusive tend to die of dry rot 
Mistakes made m the enforcement of the standard make 
them ludicrous 

I often reflect on our own shortcomings The young 
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Pa5tcur, jf nominated to this soacty ivtmld probably 
have been turned down because he was a efaa^t the 
young James Mackenzie because he was not connected 
vath a medical school 

Ncvcrthclesf, while undue msutcncc on standards 
causes difficulties, abandoning them too far in the m 
tcrest of service brings troubles of another sort in its 
train. For then the door is opened for the man whose 
real aim is personal advertisement rather than the search 
for truth. Uncensored programs arc likely to be too 
long Societies with low entrance rciiuircmcnts become 
so large that friendship between the members becomes 
impossible and the personal service on which I lay so 
much value is non-existent. 

Somewhere, therefore, between the aim of setting a 
standard and the aim of giving a service, a compromise 
must be made. It is not for me as your presiding officer 
to dictate any line of conduct but I am going to suggest 
that the members, m attaddng this and the other prob- 
lems which confront learned societies, keep two principles 
m mind. 

To lUnstrate the first I have, under the urge of a sense 
of duty as your representative, constructed a model of 
the society’s activities,* Here I have a representation 
of our society radiating its beneficent influence In almost 
every direction. Now this timepiece is an integral part 
of the model for It indicates that the influence of onr 
society extends and will extend throughout time. But 
the timepiece has another purpose which is unportant, for 
by means of it I am entitled to claim that our model is a 
four dimensional one and that it is therefore one (dimen- 
sion) up on the model produced by my fneod the past 
president of the Association of American Physicians, at 
the last meeting of that distmguisbed body (DuBols, 
E. F., Tr A. Am. Physicians 1939 54 1) 

But, m spite of all this, I stated that my model was 
designed to illustrate a pomt in my argument The pomt 
is this in dealing with learned societies, let us preserve 
our sense of humor In some of the letters rectnred 
by the secretary a sense of humor has seemed strangely 
lacking The erron of today if they be errors can and 
must be corrected tomorrow 

As a final pomt I suggest a larger use of the ordinary 
processes of democracy in the solution of our problems. 
There has been a tendency in American learned societies 
to let the officers make all the decisions behind dosed 
doors. The attendance at busmeis meetings has become 
smaller and smaller and the proceedings more and more 
routine. In ray opinion this is an unhealthy tendency 
for I conceive that it Is the duty of the officers to keep 
the members informed of the problems which concern 
them and that the members have an obligation to assist 
in making the necessary decisions. If our society is to 


♦ At this point the president drew forth a curious look 
mg object which at a distance resembled an orange thrust 
through with a multitude of long steel knlttmg needles 
that radiated from it m all directions. This he placed 
beside a dock. 


be made maximally effective, it must truly represent the 
best thought of the younger minds In medical mvcstiga 
tioo. The decision concerning its policies rests with 
you. And these deasxms arc important because there is 
no r ea s on a b le doubt that nowhere in this war tried world 
IS there a group of young men whose opportunities for 
the advancement of medical research can be compared 
with those which have been granted to you. 

Tht Chanical ProPcriits of Scoritt Fever Toxin, By 
E. S Guzuan Barbon and (by invitation) Geosge 
F Diac and Cau. M. Lyman Chicago, III 
The chemical properties of the scarlet fever toxra pun 
fied by Dick and Boor were studied by using sldn reac 
tlons in human subjects to measure the activity of the 
toxm. 

The toxin, as shown by other mvestigators, is very 
resistant to heat, for it can be heated for 1 hour up to 
90 C and for 45 minutes up to 100* C with no loss 
of activity Nor was there any loss of activity when it 
was subjected to the action of trypsm and pepsin for 24 
hours. The toxin is also resistant to pH changes, for 
it remained active when kept for 24 hours at 25 C 
from pH values of 108 to llAS. It is resistant to the 
action of oxidizing agents such as HtO» copper and oxi 
dited glutathione, and to that of reducing agents such as 
cystemc, glutathione, Na^O*, and H, activated with Pt 
black. Iodine and porphyrindm destroyed it by destroy 
ing free amino groups. Neither sulfanilamide nor its 
oxidation product obtamed by irradiation with ultraviolet 
tight had any action on the toxin. The isoelectric point 
determined with Theorell s cataphoresis cell at 3 C was 
at pH 5.48. At pH 4.5 the toxin migrates to the cathode 
and the protem impurity to the anode branch of the cell, 
permitting further punficatioa- The toxm is destroyed 
by 30 minutes treatment with kctenc and nitrous aad, 
showing that the presence of amino groups is essential 
for activity On ultrafiltration through graded collodion 
membranes, the toxm filtered through membranes of a 
porosity tkat did not let cytochrome C pass through 
(moleoilar weight of cytochrome C, 13 000) on the 
other hand membranes that let dopcine through (mo- 
lecular weight about 2500) did not let the toxin through. 

It may be conclodcd that scarlet fever toxin is a poly 
peptide with a molecular weight between 13 000 and 4000 
its activity being detenmned by the presence of free 
ammo groups. 

The Stgni^auue of Anitbodux Agovut Efndemic Jnflu 
tnsa Ftnu By E. R. Rickabd and Edwin PL LitN 
MKTTK (by invitation) and Frank L. Horsfall, Jr, 
New York. N Y 

The respiratory disease exi>encnce of a representative 
suburban population of 800 indrviduals has been studied 
for 2 years. Blood specimens were obtained from ail 
individuals in this group m 1938 and again m 1939 The 
titer of antibodies against the PR8 strain of epidcniic 
influenza virus was detemuned oo all these sera both by 
means of the neutralization and complement " 
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and was found to differ markedly from one individual 
to another 

In the first 3 months of 1939 a small epidemic of 
influenza occurred m this population. The incidence of 
clmical cases, m which the diagnosis was confirmed by 
the isolation of influenza virus or by a sigmficant mcrease 
m antibodies, was 10 tunes greater among persons who 
possessed low neutrahzation titers than among those 
whose titers were high. 

With the sera of 600 individuals who did not have 
influenza during the epidemic and who presented no evi- 
dence of subdmical mfection, it was found that indi- 
vidual antibody titers, irrespective of their imtial level, 
remained constant for a period of 1 year 

jRaf Bite Fever With Arthritis Due to StreptobaaUus 
Momliformts By Thomas McPherson Brown and 
John C Nunekaker (mtroduced by Perrm H Long), 
Baltimore, McL 

A 49-year-old-fanner was bitten by a rat and 18 days 
later was admitted to the Johns Hopkms Hospital be- 
cause of fever and arthritis The streptobacillus monili- 
formis was isolated from the jomt fluid and blood Se- 
vere arthntis localized m the left knee, with destructive 
changes by x-ray, and also marked lar 3 mgcal changes 
were the chief clinical features. No definite improve- 
ment was noted from aspirin or sulfamlamide, there was 
apparent benefit with gold therapy Streptobacillus mo- 
niliformis has been agglutinated m high titer by pa- 
tient’s serum during a four months’ period, also by serum 
from immunized rabbits 

Li pleuropneumoma-like orgamsm of Kheueberger has 
been isolated from cultures of the streptobacillus momh- 
formis, Li colomes have remamed constant on solid 
media, but have always reverted to streptobacillus form 
when transferred to liquid media, and then back to solid 
media 

Migratory polyarthntis has been observed m mice in- 
jected both mtravenously and mtrapentoneally with the 
streptobacillus momhformis The experimental arthntis 
has been illustrated by photographs, x-rays and sections , 
also by diagrammatic drawings of jomts mvolved, mdi- 
cating degree of mvolvement and migratory character of 
the arthntis Gold prevents mfection of nuce with this 
stram of streptobacillus moniliformis. Sulfanilamide and 
sulfapjT'idme produce no therapeutic effect 

The Occurrence and Significance of a Factor Which 
Annuls the Bacteriostatic Action of Sulfonamide Com- 
pounds By C. M MacLeod and G S Mirick (m- 
/ troducedbyO T Avery), New York, N Y 
^ The presence of a substance m peptone which greatly 
diminishes the bactenostatic action of sulfonamide com- 
pounds m vitro was observed first by Lockwood The 
occurrence of this material m the peptones used m the 
preparation of the usual bacteriological media has made 
comparative bactenostatic tests difficult to mterpret, smee 
different lots of media prepared imder apparently identi- 
cal conditions may contam different amounts of the 


sulfonamide inhibitor However, the presence of this 
substance is not restricted to peptones smee it has now 
been found to exist m certam body tissues Increased 
amounts of the inhibitmg factor are associated with the 
occurrence of autolysis m tissues and exudates Thus, 
fresh muscle contains only a small amount, but if autoly- 
sis takes place a great increase m inhibitor occurs Pu- 
rulent exudates obtained from patients with staphylococ- 
cal, pneumococcal and streptococcal mfections, as well as 
gumea pig liver containing caseous tuberculous lesions, 
yield large amounts Fresh spleen is rich m the sub- 
stance, but none has been demonstrated m fresh liver 
This inhibitor is of importance, therefore, not only with 
respect to in vitro bactenostatic tests but also m relation 
to the lack of bactenostatic action of the sulfonamide 
compounds observed chmcally m the presence of purulent 
lesions 

Sulfapyridine and Vomiting An Experimental Study 
of the Mechanism tn Dogs By Joseph F Sadxjsk, 
Jr. and John W Hirshfeld, with technical assistance 
of Anne Seymour (mtroduced by Francis G Blake), 
New Haven, Conn, 

Vomiting m dogs following the admmistration of so- 
dium sulfapyndme mtravenously is ordinarily produced 
when the blood level of sulfapyndme reaches 20 to 30 
mgm, per cent This vomiting level is not materially 
changed if, precedmg the mtravenous injection of sodium 
sulfapyndme, the installation mto the stomach of as 
high as a one per cent suspension of sulfapyndme is 
done. 

Experiments earned out followmg total gastrectomy, 
and even total removal of the gastro-mtestinal tract, re 
vealed no change m the blood level at which vomiting 
occurred, A preliminary expenment concemmg the local 
effect of sulfapyndme and apomorphine upon the vorait- 
mg center m the medulla would seem to indicate that 
the vomitmg is not pnmanly central m ongm. 

With the data noted above, it would appear that the 
mechamsm of vomitmg m dogs followmg sulfapyndme 
admmistration is dependent on a reflex stimulation of the 
vomiting center from some organ other than the gastro- 
mtestmal tract. 

The Clinical Significance of Gastro-Intestmal Pressure 
Changes By W O Abbott and (by mvitation) H K 
Haeiune, J P Hervey, F J Ingelfinceb, A J 
Rawson and L, Zetzel, Philadelphia, Pa, 

The movement of contents within the gastro-intestinal 
tract occurs m response to changes m the mtemal pres- 
sure of the gut just as the movement of blood is gov- 
erned by the relation of arterial to capillary and venous 
pressures A new method has been devised which makes 
it possible to record the pressures simultaneously at 
several selected pomts along the alunentary tract at two- 
second mtervals Normal movements of the intestinal 
contents are observed by the fluoroscope while the pres- 
sures are being recorded. Thus the gradients of pres- 
sure m the mtestinal canal and the movements engen- 
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dcre4 by then may be observed directly m normal sub- 
jects and in pauenU suffenng from digestive disorderi. 
The record* obtained arc interpreted m the light of nor 
mal and abnormal gaitro-inteiUnal reactions, and the 
diagnostic value of such data i* presented. 

An Investigation of tht Mechanism of RxpmmentaJ 
Nephritis Produced in Rabbtls by the Use of Anii 
Nephrotoxic Duck 5‘rr«m. By Calvtk F IOiy (by 
mvitation) (introduced by WAsraxo T I.onccopk) 
Baltimore, Ud. 

A *tudy was first made of the relationship betivecn 
the appearance of antibodies to dude scrum and the ap- 
pearance of nephritis m rabbits mlccted with nephrotoxic 
seruHL It %vas found possible by appropriate means 
either to shorten or to lengthen the interval between the 
onset of nephritis and the appearance of antibodies. The 
duration of this incubation penod was found to be related 
to the development of the antibodies to duck scrum. Evi- 
dence i» presented to indicate that antibody fonnatioo by 
the rabbit is essential for the development of the nephnUs. 
An hypothesis Is presented to expbln the mode of actxm 
of the nephrotoxic scrum. 

Tht Use of Radicacltve Sodium as a Measure of the 
V olume of the Extracellular Fluids of the Body By 
Nolan KALrattoEa, Giotcc R. ifENEiLY James 
R. Allen Svanley N VanVooehis and Vincent F 
Downing (introduced by Wm. S IfcCann) Rochester 
N Y 

Radioactive sodium was produced by the bombardment 
of sodium chloride with deutcrons. Its half life u 14 j 8 
hour*. The quantity of radio sodium present b a sam- 
ple was determbed by a racasurement of its ray activity 
using a Geiger Muller counter By means of this arti 
BchUf produced radioactive substance, the authors were 
able to measure the amount of finid available for the 
dilution of sodium. Simultaneotuly for comparative 
purpose* the volume of fluid through which thiocyanate 
If distributed was estimated after intravenous bjectlon 
of lodmm thiocyanate. The plasma volume was rocai 
ured coocurrently by the dye (T — 1824) method- 
In normal subjects it is apparent that the attainment 
of diffusion equilibrium for radio sodium and thiocyanate 
between plasma and the mtcntitial fluid was reached in 
3 hours. The average value for the ” sodium space ” of 
8 normal subjects was I9.SS liters, or 265 per cent of 
body weight, with extreme values of 23 and 29 per cent 
The amount of available fluid appeared to be more closely 
related to the body surface area than to the \veight 
In order to attam eqailTbrimn of radio sodium between 
plasma and various transndates b patients with con 
gestive heart disease, 6 to 12 hours were required. Dur 
mg congestive failure both the plasma and mtcrstltial 
volumes were increased and, as improvement took place, 
both volumes dimirndifd. Doling recovery the decrease 
in the volume of extracellular fluid paralleled the loss 
of body weight Both m normal subjects and in patients 
who showed an artnmi ubtin n of fluid, the volume meas 


ured by radio lodbm was higher than that found by 
thiocyanatn In contrast to thiocyanate, radio sodium 
diBused bto the subarachnoKl space. 

The Action of Adrenalin on the Ischemic Kidney and 
the Response of Hypertension to Tyrosinase By 
Henky a. Schbokder (by mvitation) and Auhed E. 
Cohn New York, N Y 

Blood pressure m anesthetized dogs was recorded by 
Hamilton s manometer and renal blood flow by a thenno- 
stromuhr Records were made during vanous degrees 
of constnetion of the renal artery the animals bebg 
watched for several hours. It was found that small 
doses of adrenalb given intravenously resulted m pro- 
longed and sustabed fails of blood flow in the a^ected 
kidney when the renal artery was constricted, producing 
no demonstrable effect b the other kidney One- 
hundredth of the dose of adrcnalm necessary for transi 
ent reduction b blood flow m the normal kidney resulted 
m marked vasoconstnetion br S to 30 minutes when the 
Iddney was Ischemic. This effect was noticed with 
amounts as low 0 05 r per kgro. of dog The greatest 
response occurred when the renal artery was constricted 
to a point at which mtrarcnal vasodilatation described 
previously, was maximal. 

In aght of eleven dogs systemb blood pressure became 
significantly elevated for the duration of the expeninent 
(3 to 6 hours) after constriction of the renal artery and 
farther reduction of renal blood flow by small doses of 
adrenalin, while constriction of the artery alone resulted 
b httic change m blood pressure. The mtravenous injcc 
tion of tyrosinase, a pure phenolic oxidate prepared by 
and obtained from Prof J M- Nelson, lowered blood pres- 
sure raised by this method. Likewise, tyrosbase, when 
given mtravenously to fifteen hypertensive rats with um 
lateral renal affections, bwered blood pressure consis- 
tently this effect appearing 5 to 15 mmutes after injection 
and lasting as long as the rats were followed (b five ani 
matt — 1 5 14 and 17 days) The miection of this cn 
ayme bto twenty normal rats gave inconsistent result* 
Intravenous and mtramuicnlar mjectionj b four hyper 
tensive dogs lowered syitohc blood pressure for 3 to 48 
hour^ there being httle effect beyond an immediate one b 
the DormaL The effect on diastolic pressure was of lesser 
degree. It appears possible that these results are produced 
by the alteration of a phenolic configuration in some 
substance. 

The Rdle of the Central Nervous System w Renal Hy- 
pertension, By William Dock, San Francisco Cat 

When one piths the central nervous *ystcm of rabbits 
hypertensive because of infusba of epmephrme or renin, 
there ii httle or no fall m arterial pressure until the effect 
of the drag wear* off If rabbit* with renal hyperten- 
rion arc pithed, the pressure falls swiftly to the same 
low levels as it does fa pithed controls. The pithed rab- 
bits, control or hypertensive, respond to epbephrbe with 
out any rise b venous pressure but with a rapid rise in 
artcnal pressure raising venous pressure by salt or 
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The Excretion of Corttn under Conditwtis of Damage 

By Paxjl G Weil* (by invitation) and J S L 

Browne, Montreal, Canda, 

Studies on the cortin-like action of extracts of unne 
have been reported by Perla and Mannorston in 1931, 
by Grollman and Firor in 1933 and by Harrop and 
Thom in 1937 In 1938 Anderson, HajTnaker and Jo- 
seph showed that the blood and unne of patients with 
Cushing's syndrome contamed cortuL In 1938 Selye and 
Schenker devised a method for the assay of cortin, using 
the immature adrenalectomized rat exposed to cold The 
method is specific, rapid and one hundred times more 
sensitive than the ordinary survival tests 

The unne is extracted with ethylene dichloride and the 
residue remaining after distillation of the solvent is taken 
up m water and admimstered to the test animals by stom- 
ach tube. Using this sensitive test it has been shown that 
certam individuals excrete cortm m detectable amounts 
Cortm can be recovered from the unne of patients after 
mj action of either adrenal cortical extract or desoxy- 
corticosterone acetate. No cortm was found in the urme 
of twelve normal mdividuals of both sexes of vanous 
age penods Cortm was found m the urme of seven pa- 
tients with the adrenogemtal syndrome (Cushing's syn- 
drome one, hirsutism six), of four out of six cases of 
hypertension, of ten patients with acute and chronic m- 
fcction mcludmg one case of pneumonia, one of subacute 
bacterial endocarditis, two of otitis media, two of chronic 
osteomyehtis, one of pneumonitis, two of mfluenza, one 
of tetanus, two cases followmg bums, and ten cases after 
surgical operations One of the patients with pneumonia 
excreted relatively large amounts of cortm during the 
height of the disease. As his condition improved cortm 
disappeared from the urme. Certam unnes, mcludmg 
those of patients receivmg large amounts of sulphanil- 
amide and sulphapyndine have been found to be toxic. 
The action of toxic substances, such as the excretion 
products of the above mentioned compounds, in obscuring 
the cortm action of the unne is thought to be responsible 
for the failure to demonstrate cortm m the unne of six 
cases of pneumonia and four other cases of mfection. 
The possibility of the presence of toxic substances m 
unne extracts must always be considered. The absence 
of detectable cortin activity m normal unne may repre- 
sent a balance between secretion by the adrenal cortex 
and its ubhzation by the body on the assumption that 
cortical substances arc inactivated m the course of their 
utilization. According to this view the appearance of 
cortm m the urme may represent the difierence between 
secretion and utilization. The cortm present m the 
urme may not therefore reflect quantitatively the degree 
of mcreased sccreUon of the adrenal cortex. A lowering 
of renal threshold for cortm under condibons of damage 
cannot be excluded at present but seems unlikely 

The mcreased secretory acbvity of the adrenal medulla 
as part of the defense mechanism of the organism was 

* Aided by a grant from the Bantmg Research 

Foundabon. 


pointed out by Cannon. An mcreased excrebon of cortm 
under condibons of damage such as infecbons and trauma 
IS considered to be a mamfestation of the response of 
the orgamsm to a damaging stimulus by an mcreased se- 
cretory acUvity of the adrenal cortex It has been shown 
that the adrenal cortex of the laboratory animal hyper- 
trophies after the animal has been exposed to a noxious 
stimulus It IS suggested that the mcreased secretion of 
the adrenal corbcal hormone forms part of the protecbvc 
mechamsm of the body agamst damage. 

Studies on the Role of the Adrenal Cortex in Carbohy- 
drate Metabolism By George W Thorn and (by 
mvitabon) George F Koepf and Roger A. Lewis, 
Baltimore, Md. 

The followmg disturbances m carbohydrate metabolism 
were observed m a majority of a group of 25 pabents 
with classical signs and symptoms of Addison's isease 

1 A nse, greater than normal, m the non-protem res- 
piratory quobent followmg intravenous glucose admmis- 
trabon 

2 A marked mclination to develop hypoglycemia 3 to 
4 hours after the admmistrabon of glucose orally or 
intravenously 

3 A decreased glycemic response to a standard dose 
of epmephrme. 

4 An inability to raamtain a normal glycemic level 
during a prolonged fast 

The persistence of a disturbance m carbohydrate me- 
tabolism after treatment has restored electrolyte balance, 
plasma volume and blood pressure to normal suggests 
that the adrenal cortex has a direct effect on carbohydrate 
metabolism It is evident that, whereas the correebon of 
the underlymg disturbance m carbohydrate metabolism is 
essential for complete restorabon to normal function, the 
carbohydrate-regulating effect of the adrenal cortex is 
not necessary for the mamtenance of hfe m the absence 
of compheabons 

'^Diabetes Insipidus" Induced in Normal Animals by De- 
soxycorticosterone Acetate By Charles Ragan, Jo- 
seph W Ferrebee, P Phyfe (by mvitation) and 
Dana W Atchley and Robert F Loeb, New York, 

N Y 

In the course of experiments on the effects of de- 
soxycorbeosterone acetate m normal animals, we have 
observed the development of ** diabetes msipidus" The 
seventy of the diabetes insipidus has vaned considerably 
m different animals and is definitely augmented by the ad- 
mmistrabon of sodium chlonde. A recent study of one 
of the dogs with ** diabetes insipidus " is best demonstrated 
by means of the accompanymg chart It will be ob- 
served that the fluid mtake at the beginning of the chart 
was about 6000 cc, a day Fluid output is not charted 
because measurement of urme volume and weight indi- 
cated that the dog was m fluid balance. It will be noted 
that large doses of pitressm had some effect m that 
they raised the speafic gravity and lowered the water 
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intake, FoU owing the withdrawal of pltrcism, fluid In 
take rose to a level higher than that before this mb- 
stance was adnunutcred and the speaflc gravity of the 
unnc felL When fluid intake was restricted to 2500 cc, 
for a day the spedflc gravity again rose ai m the case 
of pitressln administration. One difference, however u 
to be observed, namely that the concentration of sodium 
in the serum rose sharply with fluid restnctixm, whereas 
no change occurred at the time pitrcssin was given. 
\Vhen desoxycorticostcrone was discontinued the fluid m 
take dropped m seven dajrs to 1500 cc,, despite the fact 
that the daily ration of 8,5 grams of sodium chloride was 
continued. With this decrease m fluid intake, there was 
a striking mcrcase in urine speafic gravity but no in- 
crease in blood sodium level. In this respect the admin- 
istration of pitrcssin was qualitatively like that observed 
upon the withdrawal of excess cortical hormone. 

With the rcaxlmmistiatlon of desoxycorticostcrone the 
water intake again rose and the specific gravity of the 
arme fell, although not to a degree as extreme as on pre- 
vious occasions. Restriction of fluid agam was accom- 
panied by a sharp increase m speafic gravity and also in 
the sodium content of the scrum. From these observa 
tions it would appear as has been suggested by Silvette 
and Bntton m their work with cortical extract, that pi 
tressm and desoxycorticostcrone arc antagonistic m their 
action. It IS tempting to speculate that dcsoxycorticos 
tcronc increases the rcabiorption of sodium by the renal 
tubules and that this action is opposed by posterior pi 
tuitary substance. Studies on rats and further studies 
on dogs are m progress at the present time. 

Efffcti of Synthetic and Natural Estrogens on Blood 
Lsver and Bone Marrow By Cvan. M. IfAcBaynE, 
Dantc CASTaooALr, Elson B Hixwic, Olga Biei 
BAUsi and John S Po* (introduced by David P 
Barr) SL Louis, Ma 

The advent of synthetic estrogens into therapy has 
raised the question whether they may be hannfuL About 
15 per cent of our patients treated with stllbestrol have 
experienced and a fciv have vomited. Early am 

mal experiments have suggested the possibility of changes 
ra blood anH liver resulting from itilbcitroL We have 
attacked this problem by simultaneous study of patients 
and experimental animals (dogs and rats) Fourteen 
patients receiving from 1 0 to 5,0 mgm. stllbestrol daily 
have shown no deviation from normal m repeated Irver 
function studies or blood examinations. 

Dogs recaving from 1 0 mgm. to 100 mgiu, stllbestrol 
daily (from equivalent to 100 times the maxunmn human 
therapeutic dose) have exhibited changes ra ngin g from 
simple anfmij to thrombocytopenic purpura and severe 
anemia with a marked hypoplasia of the bone marrow 
Areas of fatty degeneration of the liver arc observed. 
We have, however, demonstrated similar changes with 
comparable doses of estradiol, so that at present rt seems 
doubtful whether the synthetic estrogens are any more 
toxic ttian those obtained from natural sources. Throm- 
bocytopenia anH anrmta also resulted in rats tr eated with 


comparable doses of stllbestrol and estradiol at dosage 
levels corresponding to 5 to 10 times the maximum them 
peube dose. 

0 

I 

Radwcxirdio grains — the Electrical Impedance Changes of 
the Heart m Relation to Electrocardiograms and 
Heart Sounds By Jan Nyboe*, Sam Bacnc^ A- 
BAaNETT and R. H. HAr.sitY (introduced by H. O 
Moscnthal) New York N Y 
Using a vacuum tube method of broadcasting anH <ic- 
tcctloQ at high radio frequency high accuracy has been 
attained in reproduction of a new type of cardiogram 
which may be called the radiocardiogram.” The sig 
nlficance of these curves, although still rmr^rtatn, shows 
a very dose relation to the mechanical volume changes 
of the heart. Marked variations m curve contour and 
stroke amphtude arc produced by valvular lesions a n d 
arrhythmias such as cxtrasystoles, smus arrhythmias and 
auricular fibrillabon. These tracings have a quantitative 
significance and arc evaluated in terms of mmutc-volumc 
cardiac output Thus comparative values of 4000 cc. per 
ventride ra humans, 150 cc. per ventrlde m anesthetized 
cats and ZD cc. per ventnde in frogs have been found 
as the cardiac output under given condibons. Com 
parabvc changes are noted foUmving exercise, injeebon 
of mctrazol, bleeding and during decompensation ari d 
rccoFTery Simultaneous dectrocardiogiams or heart 
sounds idcnbfy the relabve changes in the impedance 
curves during the cardiac cyde. 

** Radiocardiograms are altered especially in order 
to observe the rate of change of dcctncal impedance. 
In other words, the probable vdoaty with which the 
blood changes during the canhac strdee is registered. 
This type of curve is a diffcrcnbatcd cardiac dcctncal 
impedance and may be named *'a differentiated radio- 
cardiogram," The auricular and vcntncular input is 
usually registered as a sharp valley or peak, rcspccbvdy 
Equations defining the quantitative aspect of cardiac 
electrical impedance have been checked mathcmabcally 
and practically but are withhdd from this abstract 

Objective Measurement of Relain e IntracroHial Blood 
Flow iM Man By Euaum B Ftaais, Jr. and (by 
invitation) Milton Rosenhauu Ephraim Roseman 
and Nathaniel Brower, Gnarmati O 
Utilizing the principle of the venous oedusion plcthyi 
mograph an objective method for comparative measure- 
ment of intracranial blood flmv is described. The index 
of blood flow is obtained by recording the maximum rate 
of cerebrospinal fluid displacement (through a lumbar 
puncture needle 2 mm, inside diameter) during sudden 
compression of the neck veins. The outflow needle is 
connected to a reservoir partly filled with Ringer’s 
solubon, which in turn is attached to a Brodic bellows 
for recording volume changes. By adjusting the level of 
fluid m the reservoir nitracranial pressure and volume 
can be mamtained at any desired level When a suitable 
outflow record is obtained, pressure on the neck is re 
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leased and the displaced cerebrospinal fluid returns from occurred durmg attacks induced by exertion or anoxemia 
the reservoir to the subarachnoid space. and was constant for each patient. 

By controlling sources of error, such as blockage of The effect of medication (mtroglycerme, octyl mtrite, 
the outflow needle, leakage of cerebrospinal fluid, and theobromme sodium acetate and qmnidme sulfate) on 

meffectivencss of the neck cuff m transmittmg pressure the electrocardiogram durmg work and on the amount 

to the deep neck veins, maximum outflow rates of similar of work which could be done under standardized condi- 
magmtude have been obtamed m fourteen control subjects tions before mducmg pam ^vas studied m thirteen pa- 
and in four subjects on whom the experiment was re- tients When lactose or sodium bicarbonate (grains 5) 

peated one to two times The vanation in control out- was given four times daily for one week with an addi- 

flow rates obtamed consecutively durmg each experunent tional dose one to three hours before the test, the amount 
was sbght of work which could be performed and the electrocardio- 

Thc transient effect of hyperventilation, COj inhalation, graphic results were sunilar to those obtamed when no 

and temporary elevation of mtracramal pressure is sum- medication was given. When, however, theobromme so- 
lar to that obtamed by other methods Nicotmic acid dium acetate (grains 7%) was given, ten of the patients 

causes a significant mcrease m flow The cerebral blood were able to do more work without developmg pam and 

flow has been sigmficantly dimmished m paresis and m exercise was accomplished without mducmg the charac- 

cortical atrophy tenstic anoxic electrocardiographic changes The same 

results were obtained m eight patients receiving quimdine 
The Effects of Patency of the Ductus Arteriosus on sulfate (grams S), and m eleven who exercised two mm- 
the Circulation By C Sidney Buhwell and (by m- ^tes after taking mtroglycerme (1 to 200 grams) Fol- 

vitation) Eugene C Eppinger and Robert E Gross, lowing the administration of mtroglycerme or octyl m- 

Boston, Mass tnte, patients were able to do much more work than 

Gross* operation (J A. M A, 1939, 112, 729) for ligar- after other drugs and the electrocardiographic changes 

tion of the patent ductus arteriosus has permitted th4 were not mduced by a 100 per cent mcrease m work, 

application of the direct method of Pick to the measure- \ the duration of this beneficial effect, however, was not 
ment of pulmonary and peripheral blood-flow m these \ as prolonged as after theobromme sodium acetate or 
patients Samples of blood were obtamed from the \ qumidme sulfate. 

pulmonary artery and from the aorta before and after \ These results, which provide evidence that theobromme 

the ligation of the ductus Samples were drawn also sc^dmm acetate and qumidme sulfate, as well as nitro- 

from the pulmonary artery withm fifteen to twenty sec- glitcerme and octyl mtnte, are of value m the treatment 

ends after occlusion of the ductus to establish the oxy- of !^ina pectons, are contrary to the climcal opmions 

gen content of mixed venous blood leaving the periphery expr? m the literature (Evans and Hoyle, Gold, 

when the ductus was open. To test the validity of the Kwit, ajid Otto) that no drug is of value m the treat- 

method similar observations were made m dogs with the ment of angina The results are in accord with the the- 

subclavian artery openmg mto the pulmonary artery ory that admmistration of mtroglycerme or the pu- 

The studies m patients showed that m the presence of rmes resul ts m an improved blood flow through the 
a patent ductus arteriosus observed during operation coronary tre-g^ 

1 Blood from the aorta enters the pulmonary artery 

via the ductus Observattons on Effects of Intravenous Injection of 

Z The amount of blood flo%vmg through this shunt Histamine in MiniMs Syndrome By Bay- 

is from 45 to 75 per cent of the left ventricle output mvitation) Gustavus A 

3 The total blood-flow through the pulmonary artery Peters and C Shelden, Rochester, Mum. 

in these patients is between 8 and 19 liters per mmute. Twenty-seven subjett^g^ many of whom were totally 

4 The blood-flow to the periphery is between 3 and incapacitated, were intravenous injcctioa 

6 liters histznm^^ diphosphate dissolved m 250 

5 Therefore, the output of the left ventricle is 2 to 4 cc of physiologic salme s<-^tution. The vertigo promptly 

times that of the right, presumably because blood from disappeared, tumitus was ^ed m a small per cent of 
two sources enters the left ventricle, cases and the patients return to work. 

Special studies were made detennmc the bodily 
Objective Evidence of the Efficacy of Certain Drugs in responses to the administration These stud- 

the Treatment of Angina Pectoris By Joseph E. F its included erythrocyte counts, \ leukocyte counts, dif- 

Riseman and (by mvitation) A S Freedberg and ferential counts, and deternimatioi.^g the basal meta- 

Ernvin Spiegl, Boston, Mass, bolic rates, the blood sugar, the concentration of mdi- 

Electrocardiograms taken continuously during the m- vidual fats and chlorides m the the concentration 

duction of attacks of angina pectons by exertion show of potassium and protein in t^ serum, the albunun- 

that a depression of ST 4 occurs durmg exertion and globulm ratio, and the carbon ^oxide combining power of 

reaches a maximum when the patient is forced by pre- the plasma, respectively, bef^^e and after the mtravcnc^ 

cordial pam to stop work. This depression varied be- injection of histamme, Elfctrocardiogranis were made, 

tween 1 and 4 mm. m twenty-six patients studied, always the surface temperatures vvere determmed and samples 
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of gajtnc contents were analyicd^ respectively before^ 
during and after axlmimst ration of the drug All sub- 
jects were in a basal state, under controlled environ 
mental conditions. The most strikinff observations were 
the marked nie in many instances, m the concentratioas 
of the fatty aads in the plasma, m cases where the fatty 
aadi were normal, the potassium m the serum and the 
blood sugar the decrease of the conccotratlon of choles- 
terol m the plasma and the decrease m the hematocrit 
values. Inversion of the T wave m lead HI m the dec 
trocardiogram and occasional extrasystoles were ob- 
served. The response of the gastnc aads was always 
maxima] even though histamine was frequently admims- 
tcred so slowly that it did not accelerate the heart rate. 
The basal metabolism was not affected during slow rates 
of admmistratiQn but \vas increased during rapid ad 
ministration of the drug No untoward effects were ob- 
tained m approximately 400 mtravenous injections. 

Inftcitous Ftlxnt Agnnulocytosts. Kodaehrom* Moving 
Picture Demonstration of the Circulaiujn of the Omm^ 
turn as Affected by Serum from a Cat With This Du 
ease By John S LA\vaENCB and (by Invitation) 
MAiCAirr B STSiNcrnjjOW Richabo J Acxakt 
Francxs W Bishop and laviNO Aanx, Rochester 
N Y 

The mtravenous injection Into normal cats of serum ob- 
tained from cats at the height of infectious fcUnc 
agranulocytosis is followed by leukopenia and pronounced 
neutropenia m the peripheral blood. Obscnrations of 
the omental circulation following the intravenous injec 
tion of “agranulocytic'* serum have been nude m an 
attempt to determine whether the peripheral leukopenia 
could be explained in the same way as with hydropbile 
colloids ue by passage of the white blood cells to the 
marginal areas with sticking of the cells in large num 
bers to the endothelial walk In no instance has there 
been found increased accumulation of white blood cells 
m the marginal areas such as has been seen repeatedly 
following the mtravenous mjectlon of 10 per cent gelatin 
or typhoid vao^ne. The results with the scrum have 
varied from practically no change to sodde n and pro- 
longed diminution or absence of white blood cells in the 
para-capillaries of the omentum. In one instance the 
visible white blood cells disappeared from the omental 
circulation for a period of 40 minutes. No correlation 
has been found between the level of the white blood 
cell count following the injection of agranulocytic 
serum and the number of white blood cells visible m the 
omental vessels. Smcc no accumulation of these cells has 
been noted in the omental vessels, this cannot be accept^ 
as the explanation for the lenkopcma. However deposi 
j-uyi of cells in other areas has not been excluded. Other 
observatums in our laboratory Indicate that peripheral 
destruction of white blood cells may occur at hci^t 
of the disease in mfecUous fchne agranulocytosis- Of 
course, rt is well recognized that the changes in the bone 
marrow are of major importance with reference to 


Icukopema that occurs at the height of the disease but 
It IS also felt that peripheral destruction may be an ad 
diuooal factor 

Familial fion Hemolytic Jaundice vnth Indirect Van den 
Bergh Reaction By William Damesebk anH (by 
invitation) Kabl Smaa, Boston, Xfafg . 

Two f a mi l i es with an unusual type of chronic jaundice 
were studied. The hereditary nature of the disorder was 
established in S generations. Although the bUirubm was 
of the indirect** type suggesting a hemolytic process, 
the absence of splenomegaly spherocytosis, reticolocy- 
tosis, increased erythrocyte fragihty and of a hyperactive 
bone-marrow was opposed to the diagnosis of familial 
hemolytic icterus. This condition was furthermore ruled 
out by the normal or somewhat low values for daily 
fecal urobilmogcn output The hereditary nature of the 
disorder and its long duration without symptoms or signs 
of progressive hepatic disease indicated a simple dis- 
turbance m function- A significant abnormality was the 
greatly delayed cxcretioa of injected bilirubin from the 
blood, indicating (in the absence of other abnormal tests 
for hver function) a disturbance in the permeability of 
the hepatic ccUs to the cxcretioa of bilirubin. In con 
genital hemolytic Jaundice with approximately the same 
degree of icterus the bflinibm excretion test was normal. 
Striking analogies were present between our human cases 
and the hereditary jaundice of rats recently described 
by Malloy and Lowenstein. Our studies demonstrated 
further that familial jaundice is not always hemolytic In 
type and that an indirect van den Bergh reaction Is not 
necessarily indicative of a hemolytic process. 

Treatment of Experimental Canine Black tongue and 
Clinical Pellagra xmth Coramine By David T Smith 
and (by invitation) Julian M. Rusttn GxoacE Mai 
coLis and LfSXEa H. Mabixilis, Durham, N C 
Severe cases of pellagra respond as readily to treatment 
with coramine (pyridine-B-carboxylic add diethylamide) 
as to mcotmic adrl The doses employed by us (3 cc. 
daily) and by other mvcstlgators (2 to 20 cc. daily) 
were rather largo and vrcrc chosen empirically without 
previous animal experimentation. 

The experimental method was standardized by treating 
45 cases of acute black tongue with daily doses of nlco- 
tinJe arlrl which ranged from 0 1 mgm. to 10 mgm. per 
kilogram of body weight. Daily doses of 05 mgm. per 
In Ingram gavc the mfiximijm results and no additional 
improvement resulted from doses 20 times as large. 

Coramine was administered parentcrally to 22 dogs 
with acute black tongue In daily doses of 1 45 to 145 
mgm- per kilogram. Daily doses of 725 mgm- per kilo- 
gram were uniformly successful and doubling the dose 
resulted in no additional improvement 
Coramine was administered orally to 20 dogs with 
acute blade tongue. Daily doses of 2S mgm. cured 7 
out of 8 aod dotses of 725 mgm. were uniformly 

satisfactory 
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The minimum dose giving the maximum response may 
be defined as 7^5 mgm daily per kilogram of body 
weight 

Patients vnth acute pellagra should receive 2 to 3 times 
the dog curative dose or 3 to 5 cc of coramine daily 

The Pathogenesis of Asotevua in Hemorrhage from the 
Upper Gastro-lntesUnal Tract By John B Johnson 
(mtroduced by Samuel H Bassett), Rochester, N Y 
Fifteen cases of gastric and duodenal heinorrhage have 
been mvestigated m an effort to study the mechanism 
of this azotemia. Renal function was studied by frequent 
measurement of the urea and creatirune clearances In 
most instances the initial observations of kidney func- 
tion were begun withm a few hours after admission. 

No direct correlation between the amoimt of hemor- 
rhage and azotemia was found. Every case which 
showed a blood urea mtrogen above 28 mgm, per cent 
had a defimte reduction m renal function. In some cases 
this reduction was permanent, m others temporary due 
to shock. None of the cases with normal renal function 
showed an elevation of blood urea mtrogen above 28 
mgm, per cent, even when the hemorrhage was extensive. 
No changes were observed m the creatirune, COa com- 
bining power, and blood chlorides 
The conditions of hemorrhage, except for anemia and 
shocl^ were simulated m selected cases by the admmis- 
tration of large quantities of human blood by stomach 
tube. Nitrogen balance studies m these cases revealed 
that 40 to 60 per cent of the protem given as blood was 
recovered as mtrogen m the unne. The blood urea mtro- 
gen did not rise significantly above physiological levels 
except m the cases which showed distmct permanent re- 
duction m kidney function. 

Physiological Adjustments of Normal Subjects to Sud- 
den Loss of Blood By Eugene A Stead, Jr. (mtro- 
duced by Marshall N Fulton), Boston, Mass 
Seven hundred and sixty to twelve hundred and twenty 
cc. of blood were removed rapidly by venesection from 
normal professional donors m the horizontal position. 
Five of the six subjects developed collapse when from 
15 5 to 19 7 per cent of the total blood volume was re- 
moved, As the blood ivas bemg removed there was a 
slight narrowmg of the pulse pressure and an mcrease 
m heart rate of 14 to 30 beats per mmute. The hands 
and feet became cooler and there was slight sweatmg of 
the forehead. Dunng this tune the subjects had no 
cerebral symptoms , the blood flow to the bram being ade- 
quate, the carotid smus and aortic pressor areas caused 
peripheral vasoconstriction and a rise m heart rate. 

The onset of the collapse was sudden. The blood pres- 
sure fell sharply to 50 mm. of Hg or below At the 
height of the collapse the subjects showed signs of both 
sympathetic and parasympathetic overactivity The heart 
rate was very slow, ranging between 36 and 40 beats 
per mmute. The subjects developed nausea, weakness, 
ashen gray pallor, blurred vision and profuse sweatmg 
One subject became imconscious 


Immediately after hemorrhage there was a rapid small 
mcrease m plasma volume as protem-poor fluid entered 
the blood stream This caused a shght fall m the serum 
protem concentration. The plasma volume contmued to 
mcrease for 72 hours, but the protem concentration 
showed no further fall, mdicatmg that protem and flmd 
were bemg added to the blood stream at the same tune. 
The fall m hematocrit paralleled the mcrease m plasma 
volume. 

These observations are important because they show 
that (i) when dilution is complete on the third to fourth 
day followmg venesection, about % of the serum protem 
is protem which has been added to the blood smee the 
hemorrhage, (2) there is no readily available store of 
non-circulatmg red blood cells which is added to the 
blood stream m times of emergency, (J) the peripheral 
hematocrit reflects fairly accurately the direction and 
extent of the changes m the plasma volume. 

READ BY TITLE 

Assay of Adrenocorticotropic Hormone in Cases of 
Cushing's Syndrome By Karl E Paschkis (mtro- 
duced by Hobart A Reimann), Philadelphia, Pa, 

The syndrome associated with basophilic adenoma of 
the antenor pituitary, bearmg Cushmg's name, is clmi- 
cally nearly identical with certam tumors of the adrenal 
cortex. It has been assumed that m Cushing’s syndrome 
the pituitary acts by stimulating the adrenal cortex 
through its zidrenocorticotropic hormone Serum extracts 
were assayed for their adrenocorticotropic activity and 
were found active m cases of Cushmg’s syndrome. This 
findmg supports the theory that the basophilic adenoma 
of the pituitary stimulates the adrenal cortex. In com- 
parison with cases of pitmtary basophilism, cases of 
hjqiertension and of adrenal cortical tumor were exam- 
ined, The results were negative. 

March Hemoglobinuria Studies of the Mechanism and 
Clinical Characteristics By D Roubke Ghxigan (by 
mvitation) and Herrman L. Blumgaht, Boston, Mass 
Hemoglobmuria produced by physical exertion, so- 
called “march hemoglobinuria,” occurs uncommonly 
The pathologic physiology of the attacks has not been 
clearly defined. 

Three cases of march hemoglobmuna have been stud- 
ied by us The subjects were young males Bnsk short 
walks m one subject, and r unnin g m the other two cases 
mduced attacks Attacks were asymptomatic Physical 
examination revealed no abnormalities except icteric 
sderae m two of the subjects, and mtennittently palpa- 
ble spleen and liver m one of these. The unne was com- 
pletely normal m all cases between attacks The diag- 
nosis was clearly differentiated from other types of 
paroxysmal hemoglobinuria. 

Hematological findmgs were completely normal He- 
moglobm was present m the plasma at levels of 40 to 70 
mgm, per 100 cc m each attack of hemoglobmuna. It 
ivas calculated that the cells from 7 to 12 cc of blood 
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were destroyed during an attack. Less than 10 per cent 
of the rclcaied hemoglobin appeared in the urine, Albu 
roinuru \vai present at the time of hemoglobinura. The 
plasma bilmibm mcreaicd considerably after attacks m 
the two patients vnth slight jaundice and hyperbUi 
rubmcmia. 

In the case m which walking produced attacks the body 
position during the exercise, rjuher than the degree of 
exertion, was shown to be the preapitating factor Thus, 
when a moderately kyphotic posture was Induced by a 
plaster cast no hemoglobinuria resulted from 2 mount 3 of 
walking which regularly produced attacks m the normal 
upright posture. Further prolonged exercise on the bi 
cycle ergometer with an oxygen consumption greater than 
that dunng walking also failed to produce an attack. 
These findings suggest that mterference with blood flmv 
m the abdominal organs dunng exercise may be impor 
tant m the production of the hemolysis. 

The constant bill rub Incmia in two cases was not dearly 
attributable to blood destruction since attacks of hema> 
globmuna were infrequent and there was no anemia or 
rebculocytosis. 

In our experience this condition occurs ^vlth sufficient 
frequency, especially in athletes, so that its presence 
should be considered m any ease m which a red urine 
u voided. 

A Further Investigatwn of the Vroroicm Reaction of 

PtUagra Urxncs By J A. Layui (by invitation) and 

C J Watson Minneapolis, Minn. 

The color reaction described by EUinger and Dojnu 
was employed by Beckb, EUinger and Spies as a basis 
for the quantitative estimation of porphyrin in the urine. 
These mvcstigators reported marked mcreascs of porphy 
nn in a senes of pellagra unnes. Watson observed sub- 
sequently that the color reaction was due to urorosein 
rather than porphyrin. Thu was confirmed by Meflclc- 
john and Kark, In the present investigation, additional 
evidence has been obtained (J) that the color reaction u 
not doc to porphyrra (2) that the chromogen u mdol 
acetic aad, which docs not, however give the urorosein 
reaction except after primary oxidation with nitntc (i) 
that the chromogen u often present even in the normal 
urine, but fails to give a spontaneous reaction in the 
absence of mtnte or of other similar oxiduing sub- 
stances. The latter have been noted, but not identified, m 
pathological urines particularly from indrvidrtals pre- 
senting endcncc of nicotinic acid dcfiacncy to a greater 
or lesser extent 

Although the urorosem reaction u cormnonly positive 
In pellagra unnes, it has not been possible to correlate 
Its presence and disappearance with the deficiency and 
the adrainiitration, respectively of mcotmic add. The 
reaction often been noted to disappear spontaneously 
prior to administration of nicotinic acM, and further to 
reappear even long after adequate amounts have caused 
regression of all signs of deficiency PositlTe spon- 
taneous urorosein reactions (without addition of mtnte) 
have been noted at one time or another in each of ten 


cases of nicotmic and deficieocy studied thus far It 
may be emphasized that in none of those was the anvaint 
of porphyrin sufficient to be productive of color with the 
EUinger Dojmi reaction. This fact could be ascertained 
readily by prelumnary removal of porphyrm from the 
ether extract of the unne, with 5 per cent HCL The 
urorosein color was then developed by extraction from 
the ether with 25 per cent HQ accordmg to the EUinger 
Dojmi procedure. The actual amounts of porphyrin 
present were not as great as arc often encountered in 
various diseases notably pemicious aTw^mta^ lead poison 
mg and curhosis of the Irver There is, therefore, no 
reason to suppose, as has been suggested, that the light 
sensitivity m pellagra is related to porphyrin. 

The toluene preservatives of pellagra urines, also of 
unnes from certam other patients suflenng from malnu 
trition of one cause or another often develop a pmk or 
even deep red color due m many instances at least to 
indinibin. The present investigation has sought to de- 
termine whether the occurrence of this substance was in 
any \vay correlated with the presence of indolacctic aad, 
indican, or both. No defimte correlation ha* been found 
to exist The possibility is not excluded, however that 
given the proper conditions, mdolacetic add and mdoxyl 
may unite to form indirubln. Certain observations, in 
fact suggest that this does occur 

Blood Plasma Volume Changes FollotvtHg the Adminis 

traiton of Diuretics By Georgi M. Dechisd Jr, and 

D B Calvin (by invitation) and George Hereilank 

Galveston, Tex. 

Patients with congestive heart failure and edema were 
selected and put at rest in bed under standard conditions 
for 3 days. The blood plasma volume was detennincd 
by the method of Greg er son, Gibson and Stead, as modi 
fied for clinical use by Gibson and Evelyn, using the 
blue dye T1824 After this control dctcrralaation one of 
the three usual types of diuretic drugs, salyrgan, amino- 
phylhn or digoxon, was injected and blood samples were 
taken at frequent Intervals during the ensuing 12 hours. 
Correlation of the plasma volume levels with the unnary 
output suggests that the mechanism of the diuretic effect 
is different for each drug 

Salyrgan, intravenously produced plasma volume 
changes which support our previously held view that the 
chief site of action of mercurialj is on the renal tubular 
epithelium. There was a decrease m plasma volume 
which parallels the dhirciis. In one mstance m which 
no diuresis followed salyrgan administration there was 
a moderate increase m plasma volume, suggesting a pos 
aible effect on fluid mobilization from the tissue. 

When aminophylhn is injected intravenously the pres 
ent studies mdicatc that, m addition to the acceleration of 
glomerular filtration previously described, there is also 
evident a definite effect elsewhere This is manifested 
by a conspicuous nse m plasma volume beginning within 
30 minntes after ammophyllm mjection. This is abated 
at the haght of the diuretic flow and disappears as 
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diuresis continues, finally resulting m a sharp drop in 
blood plasnaa volume. 

After the admmistration of digoxm there is a slight 
rise in plasma volume which persists until diuresis is 
well established, when diuresis occurs the plasma volume 
drops The plasma volume seems to be affected by 
passage of fluid from the tissues, as well as by flmd loss 
through the kidneys, as would be anticipated when the 
drug used acts primarily on the myocardium and im- 
proves the circulatiotL 

With each of the drugs used, as diuresis progresses 
there is a mobilization of tissue fluids and electrolytes, 
with changes m the serum proteins similar to those 
demonstrated by Calvm m experimental hydremia in the 
dog 

Heart Stse and Experimental Atheromatosis tn the Rab‘ 
bit * By L N Katz and (by invitation) A Sanders, 
R. S Megibow, S Carlen and J Ransohoff, Qucago, 
Ilk 

The relationship of cardiac hypertrophy to arterio- 
sclerosis and coronary sclerosis is still controversial 
This relationship was studied experimentally Athero- 
matosis of the aorta and subendothelial lipoidosis of the 
coronary arteries were induced m 16 rabbits by feeding 
a high fat and cholestenn diet for three to four months 
These rabbits constituted experimental senes 'A' Six 
rabbits, although on a similar diet for a similar duration 
of time, developed no gross or microscopic evidence of 
atheromatosis and these animals constituted control ex- 
perimental senes ‘B * Eighteen untreated rabbits served 
as controls, constituting control senes * C.* Body weights 
and ages m all three groups were the same In senes * C/ 
heart weights vaned from 1 9 to 5 8 grams, and only two 
hearts weighed more than 5 grams The average cardiac 
weight m this group was 3 8 grams Heart weights va- 
ned from 2 1 to 6 6 grams m senes ' B ' and the average 
cardiac weight was 3 9 grams Of the 16 rabbits consti- 
tuting experimental senes 'A,' there were 12 which had 
hearts weighmg more than 5 grams, and the average 
heart weight was 6 3 grams Pulse wave contours and 
blood pressure readings were taken m 4 atheromatous 
rabbits by the direct Hamilton technique, just prior to 
sacnfice. These were no different from similar deter- 
minations made m 7 normal untreated rabbits Micro- 
scopy revealed the presence of partial to complete occlu- 
sion of many of the smaller coronary artenes due to 
marked subendothehal lipoidosis, areas of fatty degenera- 
tion, and early and old myocardial mfarcts Apparently, 
then, marked atheromatosis of the coronary artenes in 
the rabbit produces cardiac hypertrophy 

The Colonvietnc Assay of IVeakly PhenoUc Ketones 
(Estrone) tn Extracts of Human Unne By N B 
Taubot, E. MacLachlan and F Kahush (by mvita- 
tion) and A. M Butler, Boston, Mass. 

Though biological methods for the determination of 
estrogemc hormones have the advantage of proving the 
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presence of physiologically active material, they are rela- 
tively inaccurate and time consuming The chemical 
methods of assaying human urme are, so far as we are 
aware, applicable only to unne of pregnant women. Any 
improvement m chemical assay overcommg this limitation 
and pemuttmg the observation of change m endoenne 
function would, therefore, be an improvement over exist- 
mg methods of assay 

The present paper reports a procedure for the deter- 
mination of the weekly phenolic ketone (estrone) con- 
tent of human urmes which contam as little as 5 or 6 
micrograms m the 24-hour output The urme is hydro- 
lyzed with aad and extracted with ether The punfica- 
tion procedure of Cohen and Marnon has been modified 
to mclude several additional washmgs with 01 N alkali 
and to mclude a reducing agent (sodium hydrosulfite) 
which facilitates the removal of non-estrogemc substances 
from the extract The estrone ” fraction thus obtained 
IS further purified by the use of Girard’s reagent T which 
separates ketomc from non-ketomc substances. The ke- 
tome fraction thus obtamed should theoretically contain 
only substances which are weakly phenolic and at the 
same time ketomc. Thus far estrone is the only example 
of that type of compound which has been isolated from 
extracts of human urme. The assay depends upon the 
formation of a colored compound when estrone is coupled 
with diazotized diamsidme. This coupimg takes place 
at the phenolic hydroxyl position No color is obtained, 
therefore, with non-phenolic ketones such as the neutral 
17-keto3teroids (androgens) The extinction wave- 
length curve of the color developed from solutions of 
crystallme estrone and pregnancy urme extracts is identi- 
cal The data obtamed show that 

1 Crystallme estrone m amounts rangmg from 25 to 
30 gamma per sample mav be determined by the colori- 
metne procedure with an accuracy of 10 per cent 

2, The recovery of crystalline estrone m pure solution 
through the entire punfication procedure averages 67 per 
cent (range 62 to 81 per cent) 

3 The recovery of crystallme estrone added to the 
crude ether extract of hydrolyzed children’s urme origi- 
nally contammg no estrone averages 65 per cent (range 
57 to 79 per cent) 

4 The range of 24-hour excretion of "estrone" for 
immature children was 0 to 4 gamma. 

5 The 24-hour output of " estrone " by normal cyclic 
women and women m the 4th to 7th month of pregnancy 
averaged 25 and 400 gamma, respectively 

Thus the data obtamed apparently correspond with 
the physiological status of the mdividuals studied. 

Hypersensttwity to Light Studies on an Unusual Case 

Treated Successfully with Histamine By Richard 

B Capps and (by mvitation) Richard H Young, 

Chicago, IlL 

Hypersensitivity to light with the production of wheals 
is a very imusual condition. Such cases as can be found 
m the literature have been inadequately studied and m- 
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effectlvdy treated. This report coocenu an extreme ex 
ample of this condition with studies of the mechanism 
and the effect of treatment with histamine. As far as we 
know similar obscrvatiofii have not been prcnously made. 

The patient, a 34*year“old blond male, was so sensitirc 
to light that as little as ^ of an erythema dose of a 
carbon arc lamp produced whcaling Famting occurred 
with excessive exposure. The effect of light of different 
wave-lengths was Investigated, No porphyria ivas pres 
ent in the urine. An increased histamine content of the 
blood and an increase in the gastric acidity were demon 
strated following whcaling Sldn biopsies were obtained 
before and after exposure. 

Accurate studies of the slon sensitivity were made 
possible by observing the appearance time of wheals with 
different times of exposure to a standard light Hiita 
romasc and the repeated administration of histamme were 
both found to abolish the reaction of whcaling 

Attempts to Produce Pemteious Ancmta RxpertmenUtlly 
By Maxwzll M. Wintiobe and (by invitation) Hn 
UAXK Lisco Joseph L. Mnixa, J*. and Laweekcr R, 
Kolb, Baltimore, Md. 

Pigs weaned at an early ago (3 wcdcs) were fed a 
diet consisting of casern (25.8 per cent) sucrose (56.9 
per cent) lard (1(18 per cent) cod liver oil (L3 per 
cent) and a salt mixture, supplemented with brewers 
yeast (3 grams per kilogram of body weight) 

When they became accustomed to this artificial diet 
and seemed to be In a good nutritive state, the quantity 
of yeast given some of the aoinials was gradually re- 
duced and thiamin, riboflavin, mcotlnic acid and filtrate 
factor were given instead, separately and m various com- 
binations. Comparable annnals receiving the above syn 
thetic vitamins and no yeast were given desiccated whole 
liver or an anti permdous anemia liver extract Still 
others received wheat germ oil or liver in addition to 
ycast- 

Macrocytic anemia occurred m a few animals deprived 
of yeast but reccrvmg thiamm, riboflavm and nlcothdc 
acid, and m all such anuna!# ataxia and degeneration of 
the sensory neuron. Including the posterior funicuh of 
the spinal cord, developed. Yeast gave only partial pro- 
tection against this degeneration but desiccated whole 
liver or yeast plus wheat germ oil were fully protccthre. 

Assays of the antlaucmic potency of the livers of 
ataxic and nonataxlc anlmali have shown distinctly 
greater potency m the latter 

The Clottxng Actxon of Stock and Detoxified Ftr^e- 
Lance Venom By Geoege L. Kaueh, Jr. (by Invita 
tlon) and Paul Reznikofv New York, N Y 
Eagle has shown that snake venoms act as ensymes in 
promoting the dotting of blood. This study was under 
taken to determine the effect of fcr-dc-lance venom from 
which the neurotoxm was removed, and to compare its 
action with a "stock" fcr-de-Iancc venom. 

Thc detoxified veawn was first used three months 


after its preparation, and the same sample was used 
throughout the seven-month period of cxpcnmcntation- 
Detoxified venom given intravenously to rabbits m 
doses of 0 1 cc. of a 1-800 solution to 03 cc, of a 1-100 
solution caused an increase in the dotting time which 
lasted three to six hours, varying wth the dosage. Pre- 
liminary observations indicate that blood fibrinogen Is 
lowest when the clotting time Is longest When given 
intramuscularly to rabbits m doses of OJ to 1 0 cc, of a 
1-100 solution, a decrease m the clotting time occurred 
one to three hours after injection following a temporary 
increase. 

Both stock and detoxified venom dotted oxalated blood 
much more quickly than heparinized blood. Pure fibrino- 
gen solution was dotted as rapidly by 0 1 cc, of 1-100 
detoxified venom as by 0 1 cc. " pure thrombm. The 
effect of hepann on this reaction Is being studied. 

Clinical Significance of Urinary Androgens By Harry 
B Friedgood and John K. Woltk (introduced by 
Soma Wdss) Boston, Mass. 

Previous studies have dUdosed that the range of total 
daily androgen excretion for normal and vinlistK females 
overlaps, although the latter tend to have higher levels. 
Excessively high values occur m virilism due to cortico- 
adrcnal tumor and occasionally m virilism without tumor 
Estimation of the total urinary androgens is not clarify 
uig the nature of the pathological physiology of virilism 
nor IS it useful, except in a limited way m the differential 
diagnosis of these cases. These conslderatians led to a 
study of the chemical structure of the urinary androgens 
and the relative proportions in which they arc excreted ra 
two cases of virilism due to tumor and one case of ad 
reno-gcmtal syndrome without tumor 
Two cryitalline compounds have been isolated and 
positivdy identified chemically rti. dchydroisoandroste 
rone (1) and A 34-andrc«tadiene-17-oiic (II) (I) 
which has been Isolated m all cases, accounts for 45 to 50 
per cent of androgenic activity In one tumor case, 13 per 
cent m another and 1 to 2 per cent In the adrcno-gcnital 
syndrome. (II) which was found In the first tumor 
case, and is being sought In the others, represents the 
first isolation of this androgen from female unne. The 
remaining kcto-iterolds, still unidentified, arc bemg sub- 
jected to a similar systematic study 

The Peripheral Blood Flow in Hyperthyroidism, By 
Haiold J Stewart and (by mritabon) Wilus F 
Evans, New York, N Y 

Measurements of the peripheral blood flow In cc. per 
sq. m. per minute have been made m patients suffering 
from Graves disease. In addition, the basal metabolic 
rate, velocity of blood flow (arm-to*tonguc method (de- 
cfaolin)) pulse rate, and blood pressure were recorded 
In each of three phases studied namely before iodine, 
again during iodine therapy and finally after tbyroidcc- 
tomy Eighteen patients have been studied. In the meas- 
urement of the penpheral blood flow we made use of the 
Hardy-Soderstrom radiometer and the methods described 
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by Hardy, Daniel, and Scxierstrom All measurements 
were made m the morning while the patients were in a 
basal metabolic state , the room temperature did not vary 
more than 0 5“ C m any smgle experiment, the subjects 
were nud^ being covered only by a sheet Seventeen pa- 
tients were women and one a man The ages ranged 
from 18 years to 56 years In the eight patients upon 
whom these studies have been completed, it was found 
that the peripheral blood flow was high (average 213 ca 
per M* per minute) m the phase "before lodme” when 
the basal metabolic rate was elevated After the mstitu- 
tion of lodme therapy, decrease m peripheral blood flow 
(average 139 cc. per per minute) and m basal meta- 
bolic rate occurred After thyroidectomy, a further de- 
crease m blood flow (average 78 cc. per M* per minute) 
and in basal metabolic rate was recorded The relation- 
ship between basal metabolic rate and peripheral blood 
flow was Imear m that, when all the observations were 
pooled, it was found that as the basal metabolic rate de- 
creased, the peripheral blood flow decreased Definite but 
not striking increase in circulation time occurred, ap- 
proachmg the normal after thyroidectomy Pulse rate 
and blood pressure usually followed the basal metabolic 
rate and peripheral blood flow The skin m most cases 
showed an mcreased average skm temperature before 
therapy and decreased with lodme and thyroidectomy 
No sigmficant fluctuations m rectal temperature were ob- 
served There are certam observations indicatmg that 
the minute volume output of the heart is increased m 
Graves* disease, and now from these observations it ap- 
pears that the peripheral blood flow is also mcreased 

Renal Enlargement %n Rats Produced by Testosterone 

Propnonaie By John B Ludden and Erich Krueger 

(by mvitation) and Irving S Wright, New York, 
N Y 

Selye reported renal enlargement m adult female mtce 
and rats after testosterone propnonate. The present 
study of the effect of testosterone propnonate on im- 
mature male, mature male and female rats demonstrates 
similar action m each group The histological picture 
vaned from that of Selye. 

Studies were made on immature male rats (12.5 mgm. 
testosterone propnonate daily for 14 days), mature male 
rats (10 mgm. testosterone propnonate daily for 21 days) 
and mature female rats 10 mgm. testosterone propnonate 
daily for 21 days) Controls were given sesame oil 

Average weight of kidneys of treated immature male 
group was 831 mgm. per 100 grams of body weight 
compared with 691 mgm. in controls Kidneys of treated 
mature male group had average weight of 993 mgm. per 
100 grams of body weight compared with 697 mgm for 
controls In mature female group average kidney weight 
was 933 mgm per 100 grams of body weight compared 
With 755 mgm m controls In mature groups differences 
were especially clearcut, there being no overlapping of 
kidney weights of treated rats by those of control rats. 

Histological study of kidneys revealed generalized en- 
largement in all groups, but no other clear evidence of 


deviation from normal morphology This observation 
contrasts with findings reported by Selye, namely, defi- 
mte hypertrophy of parietal lamina of Bowman*s capsule. 

The Role of Anemia tn Water Retention By Maurice 
B Strauss and (by mvitation) Herbert J Fox, Bos- 
ton, Mass 

Smce Addison first noted the occurrence of edema m 
the anemia now beanng his name, it has been recognized 
that water retention is of common occurrence m vanous 
types of anemia. This phenomenon has been ascribed to 
"cardiac weakness" However, venous pressure deter- 
minations have failed to reveal abnormal levels Al- 
though some patients with anemia may have lowered 
plasma protem levels, no correlation of the two factors 
was observed by Keefer and Myers nor by us m 32 pairs 
of observations When sodium salts were admimstered 
to these 32 patients, \vater retention occurred in all, the 
degree of retention varying directly with the seventy of 
the anemia. No sigmficant correlation between the 
amount of water retention and the colloid osmotic pres- 
sure of the plasma proteins was observed. It is con- 
cluded that anemia per se is conducive to water retention 
and edema formation 

Electrocardiographic Changes During Intravenous Ther- 
apy of Pneumonia (Preliminary Report) By David 
D Rutstein, K Jefferson Thomson, Daniel M 
Tolmach and Robert J Flood y (mtroduced by L 
Whittmgton Gorham), Albany, N Y 
As part of a study of the circulation of pneumonia pa- 
bents, electrocardiographic observations m relabon to 
mtravenous therapy were made. 

Electrocardiograms of pneumonia patients were taken 
prior to mtravenous therapy During mtravenous ad- 
ministrabons, chest lead IV F (electrode position con- 
stant) was observed in a " cardioscope." Tracmgs were 
recorded at about the middle of each mjecbon, two min- 
utes followmg its completion, and whenever changes 
appeared during administrabon These consisted of 
vanabons m direcbon, configurabon, and voltage of T 4 
and P 4 

In 59 pneumonia pabents, 112 mjections of horse or 
rabbit serum (49 horse and 63 rabbit) were studied. The 
electrocardiographic variations following rabbit serum 
were similar to those following horse serum The elec- 
trocardiograms m 19 (32.2 per cent) of these pabents 
changed during or after at least one injecboo. Twenty- 
three (20 5 per cent) of the 112 administrabons were 
accompamed by a vanabon 16 m T^ and 7 m P* 

A similar study was conducted on 24 pneumonia pa- 
bents who received 32 injections of sodium sulfapyndine 
or sodium sulfathiazole (26 sodium sulfapyndine and 6 
sodium sulfathiazole) Five (208 per cent) of these 
mjeebons m 5 (15 6 per cent) of the pabents, were asso- 
ciated with a change 3 in T* and 2 in P 4 Six patients 
had nausea or vomiting durmg the mtravenous adminis- 
trabon of one of these drugs Only 2 of these had 
electrocardiographic changes durmg the occurrence of 
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thcifl symptoms one had Inversion of P* and the other 
a disappearance of P* associated with a slowing of the 
rate. 

Elcctrocardk^raphic changes mdistinguuhablc from 
acute myocardial mfarction were observed in 3 patients. 
One rccared Type I anti pneumococcus horse serum, an 
other Type VIII antipncumococcus rabbit serum, and 
the third sodium sulfathiazole. 

Varymg Relations Between Inulm Crcatininr and Urea 
Clearances m Children unth the Nephrotic Syndrome 
By Lee E. Fawi and (by mvitabon) Palmer H. 
Futcher and KniiDAiL Euersok Jr. New York 
N Y 

In approximately one-fifth of the children under five 
years of age admitted to this clmic with the nephrotic 
syndrome, the urea clearance w'ai increased to above 140 
per cent of normal. With recovery from the disease, 
the urea clearance dropped to normal levels. We have 
seen this type but once m an adult In the remaining 
four fifths of the nephrotic children under five years of 
age and in the great majonty of our nephrotic pabcnti 
over this age, the urea clearance was normal or sub- 
normal on the patients first admission. The present 
studies were earned out to determine if in these two 
groups of patients, the renal clearance of t\NO non urea 
substances was affected in the same manner as nrea. 

Inulm, exogenous and endogenous creatinine^ and urea 
clearances were detemuned simultaneously m several high 
clearance nephrotic children with urea clearances 140 to 
200 per cent of normal, and m several low clearance 
nephrotic children with urea clearances below 20 per 
cent of normal. The duration of disease was similar m 
comparative patients m each of the groups. 

In patients with high urea clearances the inuhn dear 
ance was found to be increased above the normal ranges 
to about the same degree as the urea dearancc. On the 
other hand, the endogenous crcatlmnc dearancc was sub 
stantially bdow the inulm dearancc. 

In patients with low urea dcarances, all three dear 
ances tended to approximate closely the same absolute 
value. 

The tigmficance of the above observations is discuiscd. 

Siudtes on Migraine The Contrast of Vascular Mecha 
msms ui Headache and Pre-Headache Phenomena. By 
G A. Schumacher and A. Cahak (by invitation) 
and H. G Wour New York, N Y 
Headache 

It has been shown that migrame headache results from 
the dilatation and stretch of cranial arteries. To ascer 
tarn further the role of the cerebral arteries m migraine 
headache the following was done Punng severe head 
ache m 5 subjects lumbar puncture was performed. By 
means of a manometric system attached to the lumbar 
needle, the cerebrospinal fluid pressure was progressivdy 
increased to approximatdy ^ millimeters of water 
Such increase in pressure, suffiaent to abolish histamine 


headache, did not diminish the intensity of the headache. 
It is inferred that the headache m migraine docs not 
arise primarily from the ccrebrai arteries, but chiefly 
from the dilatation and stretch of the branches of the 
external carotid artery 
Pre-headache phenomena — scotomata 

Perimetric studies of prc-hcadachc scotomata were 
correlated with systemic arterial pressures during the ac 
tion of amyl mtnte. (I) After small amounts of this 
agent, the scotomata draunuhed and disappeared ivithin 
10 seconds after the facial flush to remain absent for 2 
to 4 minutes. During visual restoration there was httle 
change m the systemic arterial pressure. (2) After the 
inhalation of larger amounts of amyl nitrite, the scoto- 
mata agam promptly disappeared shortly after the flush, 
to be soon followed, however by confluent scotomata 
which merged to produce, except for central vision, 
transient amaurosis. This was associated with dis 
onentatlon and pronounced fall in blood pressure. Nor- 
mal visual fields agam folloived and then the scotomata 
reappeared. It is inferred that these pre-headache phe- 
nomena result from cerebral vasoconstnetioo which is 
succeeded by the aforementioned vasodilatation and 
headache. 

Determination of the Transfuston Requirement vt Ane- 
mia By John G Gibson 2nd (mtroduced by Henry 

A. Christian) Boston, Mass. 

Every cbmaan has wanted to know how much blood 
must be given to an anemic patient to raise the hemato- 
crit to the desired level. In the past, this mformation 
could be obtained only by actual determination of the 
blood volume. The transfusion requirement can now be 
quickly computed from the patient s hematocrit and pre- 
dicted normal total red blood cell volume (obtained from 
a nomogram) 

In chronic anemu there is a direct relationship be- 
tween the percentage of reduction from normal m total 
red cell volume (deficit) and the hematoenL Thus, at 
hematocrit levels of 10 20 30 and 35 total red cell 
volume IS reduced by approximately 7S 50 30 and 15 
per cent, respectively The product of the difference m 
percentage d^ats corresponding to the ongmal and de- 
sired hematocrit level (obtamed from a nomogram) and 
the normal total red cell volume, divided by the average 
hematocrit of transfusion blood (about 40) gives the 
amount of whole blood needed to attam the desired he- 
matoent IcveL plasma given by transfusion is 

quickly disposed of. 

Normal total red cell volume vanes greatly with sex 
and physical measurements, ranging from 1200 cc. in 
tmall females to 2860 cc In large males. In anemic pa 
Uents with normal total red cell volumes of these 
amounts, the quantity of whole blood required 

to raise the hematocrit from 20 to 30 u from 500 oc to 
1500 cc 

The computation Is not valid In acute hemorrhage be- 
fore dilution has taken place (2 to 4 days) or fa shock, 
m which there may be hcmoconccntratioa 
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AppUcatwn of Clearance Method to Determination of 
Unilateral Renal Blood Flow ih Man By Herbe^ 
Chasis, Jules Rebish and Albert Erdmann, Jr. 
(introduced by William S Tillett), New York, N Y 
In view of numerous reports mdicating that unilateral 
renal disease may be a frequent etiological factor m es- 
sential hypertension, a more accurate method of apprais- 
ing unilateral renal function is required. To this end 
the clearance method has been applied to the unilateral 
measurement of renal blood flow, filtration rate, eta, in 
a limited group of patients with normal renal function, 
with demonstrated unilateral renal disease, and with es- 
sential hypertension. It has been demonstrated that ac- 
curate simultaneous collection of right and left ureteral 
unne is possible if necessary precautions are taken to 
observe and prevent leakage around the catheters The 
total renal blood flow detenmned m this manner is com- 
parable to the figure obtamed by the usual total clear- 
ance method. In those patients with essential hyperten- 
sion who have been exammed thus far, the renal blood 
flow was found to be equal m both kidneys, though the 
filtration fraction is characteristically increased above 
normal In the patients with unilateral uropathy the 
blood flow was found to be decreased m the diseased kid- 
ney In two patients who had operative procedures de- 
signed to increase renal blood flow (renal omentopexy 
m one and nephropexy for ureteral kink in the other), 
renal blood flow was found to be lower m the operated 
kidney two years later 

The method is now being applied to the measurement 
of the tubular excretory mass (D-Tm), te, the evalua- 
tion of the total functional renal mass 

Effect of the Application of Tourniquets on the Hemo^ 
dynamics of the Circulation By Richard V Ebert 
(mtroduced by James P O'Hare), Boston, Mass 
Many climcians believe that poohng of blood m the 
extremities by means of tourniquets is as effective as 
phlebotomy m the treatment of acute left ventricular 
failure. The purpose of this study was to deterrame 
whether the amount of blood pooled m the extremities 
by this means \va3 equal to that removed by the usual 
phlebotomy The blood volume was determined m 5 
subjects under the following conditions (1) with the 
extremities free, (2) after occlusion of the arterial cir- 
culation to both legs and one arm by cuffs inflated to a 
pressure of 250 mm. of Hg, (J) after venous congestion 
of the three extremities by mflatmg the cuffs to diastolic 
pressure for 7 to 10 minutes, followed by occlusion of 
the arterial arculation. By subtracting the result of- 
tamed m Experiment 2 from that obtamed in Experiment 
1, the volume of blood normally contamed m the three 
extremities was calculated. By subtracting the result 
obtamed m Experiment 3 from that obtamed m Experi- 
ment 2, the volume of blood which \vas removed from 
the head, trunk and arm by venous congestion of the 
remaining three extremities ivas calculated. 

In 5 normal subjects m the recumbent position the 
average volume of blood contained m the three extremi- 


ties was 900 ca, or 16 per cent of the total blood volume. 
An average of 740 ca of blood was removed from the 
head and trunk by congesting the extremities There- 
fore, tourniquets effectively applied pool more blood in 
the extremities than is removed from the body by the 
average venesection and are a rational therapeutic 
measure. 

The sudden removal of an average of 15 per cent of 
the volume of blood circulating m the head and trunk 
(740 ca) by tourniquets produced circulatory collapse 
m 4 of 7 normal subjects tested. This agrees with the 
observation that the rapid removal of 15 to 20 per cent 
of the blood volume m man by venesection is accom- 
panied by the symptoms of shock 

Proteus and Pyocyaneus Infections a Review of Six 
Cases of Bacteremia with Immunologic Studies in One 
By Gustave J Dammin (introduced by Clifford L, 
Denck), Boston, Mass 

The mortality rate m Proteus and Pyocyaneus bac- 
teremias which result from dissemination from a primary 
focus is high. When this focus is the kidney, the mor- 
tality rate is about 60 per cent In 5 of the 6 cases m 
this senes, the kidney was the pnmary focus Recovery 
occurred m but one of these cases 
From the recovered case, B pyocyaneus (Pseudomonas 
aeruginosa) and Proteus mirabilis were isolated from the 
blood, unne, stool and osteomyelitic sinus The patient 
entered m peripheral vascular collapse with broncho- 
pneumonia and right kidney blocked by calculus. Neph- 
rostomy and subsequent nephrectomy were performed. 
Otherwise treatment was symptomatia By agglutination, 
mouse protection and bactencidal tests, a high degree of 
immumty was deraonstrabla The agglutuun titers for 
these organisms from all the sources varied for B pyo^ 
cyaneus between 1 80 and 1 10,000 and for Proteus 
mirabilis between 1 2560 and 1 80,000 White mice 
were protected against more than 2 MLD of both or- 
ganisms Bactencidal antibodies for B pyocyaneus were 
present m higher titer than for Proteus mirabilis, show- 
ing a bactenadal action 1000 times greater than the 
controL 

A positive Weil-Fclix reaction appeared during the 
three- months* course of mvcstigation. By agglubmn ab- 
sorption tests, this strain of B Pyocyaneus and Proteus 
X19 were demonstrated to contam a common antigen. 

The Effects of Ingestion of Large Amounts of Fluid 
Upon the Course of Circulating Blood Volume By 
Emanuel Ginsburg (by mvitation) and Samuel H. 
pROGEH, Boston, Mass 

Reports concerning the immediate effects of ingestion 
of fluids upon the circulating blood volume are conflict- 
ing Accordingly, the problem ivas reinvestigated, the 
course of the blood volume being followed for 3 hours 
after dnnkmg 1000 ca of water or 1 per cent saline. 
The unproved method for determining plasma volume by 
means of the “Evans Blue" dye was used. Blood pres- 
sures were also followed. Nme individuals without car- 
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dlovascuUr diteaic, most of them schizophrenic, served 
u subject!. There were four cjqierlments with water 
and seven with 1 per cent saline. Of ten paUents with 
cardiovascular disease, eight received salt solution and 
two received water 

In the group without cardiovascular lesions there wai 
a 9 per cent drop of both circulating plasma and total 
blood volumes 15 minutes following the ingestion of 1000 
cc. of saline. In three of four patients m the 
group there were no changes m 15 after the 

ingestion of 1000 cc. of water In this entire group the 
circulating blood after 1% hours had not Increased above 
the prcingestive values. 

The course of the blood volume in patients with car- 
diovascular disease was parallel to that in the preceding 
group except that there was no difference between the 
effects of salt and water 15 minutes after ingestion. 

The arterial blood pressures 15 minutes following in 
gesdon were elevated m 50 per r^t of all cases com 
pnsing the two groups, and unchanged m the others. 
During the remainder of the experiments, there were no 
changes from the preingcstivc values. 

Patients Attitudes and Behavior w IVard Round Teach 

tng By John Rouano (introduced by \Villiam P 

Murphy) Boston, Mass, 

Bedside teaching is an established procedure in medical 
education. However patients reactions to this procedure 
have received little attention. In order to gam objective 
data, an mvcstlgatioa was undertaken (i) to discover if 
the experience is traumatic, (2) to understand the pa 
tients reactions to their ilincsscs^ (3) to study the pa 
ticnts during presentation, which is an experimentally in 
duced anxiety situation, (*/) to Icam how the procedure 
may be ublucd as psychotherapy 

Accordingly under uniform conditions, 84 unselccted 
patients were studied before, during and after Saturday 
morning rounds. Three to 5 patients were presented to 
the resident anrt visitmg medical staff and to 40 to 60 
Students and visiting physicians. Methods of cxamina 
tion before, during and after presentatioa included psychi 
atnc study determination of pulse, respiration, blood 
pressure, spontaneous discussion by the patient of bis 
reactions. The patients were classified as havmg (J) 
little or no anxiety associated with their physical disease, 

(2) considerable anxiety with their physical di scs tr, 

(3) predominantly neurotic symptoms with no physical 
disease, (4) confusion due to various factors. 

No severe psychological trauma was obsenred- In the 
few instances in which patients were tense or anxious, 
the reactions were mild and In no way resembled panic 
reactions. 

Considerable information was obtained concerning the 
emotional significance of the Ulneif to the patients. 
Anxiety was experienced by less than one-fourth of the 
patients m the period preceding presoitation 14 pa 
tients exhibited objective evidence of tenswa during 
presentation 12 were embarrassed by the public recita 
tion of the hutory 6, by the exam mat inn. There were 


no essential changes in pulse, respiration, blood pressure. 

While the entire procedure of the ward rounds may 
and should be utilued as psychotherapy the discussion 
period has the greatest potential value. Most patients 
preferred to remain for dlscussioa. ^lany patients re- 
quested that the essential conclusions of the conference, 
particularly as they related to thdr illness, recovery and 
return to work, be communicated to them m simple un 
dcrsUndable language. 

Intravenous Injection of Magnesium Sulfate in Subjects 
IVith Hypertensive and Renal Duease By Alexandek 
W WiNDJCa and (by invitation) Himnir. E. Hoff and 
Paul K. Ssoth New Haven, Conn, 

The response of patients with cardiovascular and renal 
disease to mtravenous injection of magnesium sulfate 
differs in certam respects from that of normal subjects. 
Normally injection of small amounts of magnesmm sul- 
fate evokes intense cutaneous vasodilatation accompanied 
by marked fall of blood pressure. In hypertensive sub- 
jects cutaneous vasodilatation was regularly observed, 
but simultaneous fall in blood pressure was frequently 
slight or altogether absent 

Injected magnesium is normally excreted rapidly and 
almost completely m the urine, while m subjects with im- 
paired renal function urinary excretion is much delayed. 
With advanced renal insufficiency the concentration of 
magnesium m the serum may remain elevated for several 
days, since little is excreted by the gut 
Thciapcntic injection of 500 cc of 2 per cent solution 
raises the scrum concentration to about 7 mXq per liter 
which is mmffideat to produce demonstrable change m 
the nervous system except relief of headache. Another 
mjcction within forty-eight hours raises the concentra 
tlcai to about 12 m-Eq per hter because of the persistent 
elevation caused by the first injection. At this higher 
level drowsiness and depression of tendon reflexes ap- 
pear Respiratory depression occurs only after disap- 
pearance of tendon reflexes. Thus these reflexes are a 
guide during mjectioo, 

A New Hypothesu of the Production of the T-wave m 
the Electrocardiogram Based on Electro-kinetic Phe 
nomena. By J Roscok Miller and Rot F Dent (in 
troduced by N C Gilbert) Chicago IlL 
Perfusion experiments on the dead heart showed that 
a potential was developed between the cpkardnim and 
^f^nrardtimi. With a prcssuTc o£ 40 Cm. of mercury an 
nmmint: of cuiTcnt In cxccss of ooc half millivolt was 
produced- This indicated that the intramural streaming 
potentials incident to cardiac contraction were sufficient 
to account for the T wave m the electrocardiogram. 
Consequently an attempt was made to reproduce the 
T ivave by forcible constriction of the dead heart- Ex 
pcnmental anirrial^ were lolled by means of intravenous 
mjcction of magnesium sulfate. This lowered the irri 
tability of the myocardium so that a short time after the 
chest was opened there was no response to stimulation. 
Manual coostnctioa of the heart produced a T-wavc 
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sumiar to that seen m the unanesthetized animal during 
normal cardiac contraction. The contour of the wave 
could be regulated by the amount of pressure exerted 
and the length of time it was contmued These facts 
are significant m that they mdicate that the T-wave is a 
product of cardiac contraction and contradict the current 
explanation based on the theory of repolanzation, 

A Study of the T-Wave of the Electrocardtogratn tn 
Left Bundle Branch Block By William: A, Sodeman, 
New Orleans, La, 

T^ is typically mverted m left bundle branch block, but 
at times is "atypical*^ (isoelectnc, diphasic, or upright) 
To determine the significance of such changes, tracings 
were selected showing normal conduction and bundle 
branch block m the same patient With the aid of a 
planiraeter, determinations of the areas of the QRS 
complex and T-wave m microvolt seconds were made 
for both types of conduction. Comparison of the sum- 
mation of the QRS and T values with both types of con- 
duction confirmed the observations of Wilson and further 
mdicated that the “ atypical " T- waves in bundle branch 
block could be predicted and were the expected findings 
upon the basis of changes m the QRS area With block 
negative T- waves became more negative, less negative, 
and even positive, upon the basis of changes m the QRS 
alone. Previously positive T-waves gamed m negativity 
dependmg upon the changes m QRS area. The results 
indicate that (I) T-wave changes resultant from left 
bundle branch block bear a defimte relation to the QRS 
and T areas m normal conduebon, (2) atypical" T- 
wave changes (upright, diphasic) in Lead I do not 
necessarily indicate further myocardial changes, and (2) 
the "typical" (mverted) T-wave may be secondary to 
QRS changes, may result from local variations m the ex- 
citatory process resultmg from disease, or both. 

Culture of Human Marrow Studies of the Relative Ef- 
fectiveness of N e oars phenamine, Mapharsen, Sulfanil- 
amide, Sulfapyndine, Sulfathiasolt and Sulfainethyl- 
ihtacol on Infections with Streptococcus Viridans 
(Alpha Hemolytic Streptococcus) By Edwin E. Os- 
good and (by mvitation) Inez E Brownlee and Julia 
JoSKi, Portland, Ore. 

Marrow cultures were mfected with streptococcus 
viridans, and equal portions were placed m each of 
several vials to each of which, except the control, was 
added the desired concentration of the drug to be tested. 
Pour plate colony counts and stamed smears were made 
at mtervals Neoarsphenamme in a concentration of 
1-150,000 was elective against more strains than any 
other drug tested, but it had to be present for six to 
forty-eight hours m this concentration. Sulfathiazol m a 
concentraUon of 1-10,000 ^va3 effecUve against many 
strains including those against which neoarsphenamme 
\vas ineffective, but was meffecti\e against some strains 
against which neoarsphenamme was effective. Sulfa- 
methylthiazol and sulfapyndme were effective against 
most of the strains which were stenlized by sulfathiazol, 


but because of their lower solubility would probably not 
be as effective clmically Sulfanilamide was meffecUve 
ag^amst the strains tested, and mapharsen m a concentra- 
tion of 1—1,500,000 was effective against some strains but 
not as effective as neoarsphenamme m a concentration 
of 1-150,000 

A suggested plan of treatment for subacute bacterial 
endocarditis based on these studies and the dmicai re- 
sults to date are presented with lantern slides which il- 
lustrate these results 

Results of Treatment of Diabetes Ifisipidus lu Man and 
in Animals with Pellets of Desiccated Posterior Pi- 
tuitary Gland and with Pitressin in Oil By James A. 
Greene and (by mvitation) L E January, Iowa City, 
la. 

Methods to produce slow absorption of hormones are 
desirable m certam endoerme defiaencies Diabetes in- 
sipidus is such a disease. Five cats with experimentally 
produced diabetes insipidus and two patients have been 
treated by implantation of pellets of desiccated posterior 
pituitary gland. Three such cats and three patients have 
been treated with mjections of pitressm m oil 
The diabetes insipidus has been controlled by such 
therapy m the animals and m the patients Certam dif- 
ficulties encountered with pellet therapy are discussed. 
The use of pitressm m oil mdicates that it is of defimte 
value m the control of this disease. 

The Effect of Undernutrifion on the Ovary of the Guinea 
Pig By D J Stephens and (by invitation) Willard 
Allen, Rochester, N Y 

In a previous communication it has been shown that 
UDdemutntion m the guinea pig results in thyroid atrophy 
with fiattemng of the acinar epithelium and accumulation 
of colloid. The thyroids of such animals were imusually 
responsive to stimulation by the thyrotropic factor of the 
antenor hypophysis The ovanes of the undernourished 
animals also showed evidences of atrophy and retro- 
gression. Underfeedmg sufficient to result m a loss m 
weight of 25 to 30 per cent m a period of two weeks re- 
sulted m reduction of ovarian weight and in marked 
retrogressive changes There was virtual disappearance 
of follicles m the majority of the animals The mter- 
stitial cells of the ovanes of the undernourished animals 
were small and their nuclei showed the "cartwheel" 
formatioa of chromatm which has been described in 
hypophyseal msuffiaency Refeedmg resulted m in- 
crease m body and ovanan weight and a return ol 
ovarian histology toward normal The administration of 
small amounts of an antenor pituitary extract resulted 
m marked hypertrophy and hjrperpJasia of the mter- 
stitial tissue and increase in ovanan weight 
Evidence is presented which suggests that the retro- 
gressive changes occumng m thyroid and ovary m under- 
nutntion may be due to failure of the antenor pitmtary 
to contmue to produce thyrotropic and gonadotropic sub- 
stances m amounts sufficient to mamtam thyroid and 
ovanan structure and function. 
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Studies on the Ntcoimtc Add Content of Blood and 
Untie By E. Wditi Patton and W R. Sutton 
(by mviution) and John B Youmans, Nashville, 

XOHL 

A study haa been made of the nicotnuc aad content 
of blood and unne, utiUnng the cyanogen bromidc-aniUne 
reaction aa a basia for the chemical dctcnnmationi. 
Values obtained -sMthout imtial hydrolysis have been com- 
pared with those obtained after mild and strong 
hydrolysis. 

In nonnal subJecU the range of mcotuuc aad concen 
tration has been found to be 0^ to 0.50 tngm, per cent 
in the blood and 3 0 to 5 0 mgm, are excreted in twenty 
four hours in the unne Subjects with known nicotinic 
add defiaency have exhibited a slightly lower blood level 
and a defimtely lowered urinary excretion of mcotink 
add. The variation in the blood Icvd In these subjects 
has not been consistent 

Varying degrees of alkaline hydrolysis of the blood 
yield results which arc very similar to those obtained 
without imtial hydrolysis. In urines with a normal or 
low mcoUnic aad content varying degrees of hydrolysis 
resulted m a distmet increase over the value obtained 
without mitial hydrolysis. This increase was not noted 
when urines with a high concentration of mcotlnic acid 
were similarly treated. 

Oral administration of 150 to 300 mgm. of mcotraic 
add or nicotinic aad amide causes a variable and transi- 
tory rue m the blood level within one hour When daily 
doses of this magmtude were taken orally the blood 
levd rose to approximately twice its previous level. In 
dehaent subjects there seems to be some lag in this blood 
level elevation after repeated daily doses of mcotimc 
add. Withm three hours approximately 20 per cent of 
the ingested dose of nicotinic aad may be accounted for 
in the unne of nonnal subjects, whereas only about 3 
per cent of a similar dose of nicotinic add amide may 
be recovered m a similar time. In each instance the 
increase in urinary excretion subsequent to oral ad 
ministration is transitory and terminates within three 
hours after ingestion. 

Erythrocyit Keswfanc# m Congenital Hemolytic Jaundice 
and tn Expenmentally Produeed Jaundice By Rich 
AHD T Beebe and (by invitation) Abxahaii Falk, 
Albeit M Yunich and EnwAJm P Hanley Albany 
N Y 

In the course of some investigations on the fragility 
of erythrocytes m disease we were impressed by the 
striking increase in resistance of the red blood cells m 
patients with obstructive jaundice. We were able to 
bring about this condition m dogs by ligating the bile 
ducts and showed that there was a direct rdationship 
between the degree of jaundice and the fragility of the 
cdls. We were unable to demonstrate increased re- 
siitance of erythrocytes when jaundice was produced m 
rabbits by injecting bile salts and bile pigment 
Red blood ceU resistance is also increased in chronic 
secondary and primary anemias without jaundice, leading 


us to feel that bile pigment is not the important factor 
m causing the increased resistance of red cells. 

We hoped, on the basis of this and other observations 
to be able to bring about an increase in the resistance 
of cells in hemolytic jaundice by the administration of 
some factor m bile, but as yet have been unsuccessful 

A Companson of Certam Vascular Responses of Nor- 
mal and Hypertenstte Rabbits By C K. Fbizdland 
and F Kapp (by invitation) and El. M Landis Phila 
dclphla^ Pa. and CharlottcsviUc, Va. 

It has been shown previouily m normal rabbits (Landis, 
Montgomery and Sparkman, J Clin. Invest 1938 17 
189) that when tyraminc, epinephrine, guanidine and 
prtressia arc mjected m doses sufficient to elevate blood 
prcsiurc they also dimmish blood flow to the car as 
measured by fall of skin temperature. In contrast, 
heated extracts of rabbits kidneys elevate blood pres 
sure conspicuously without diminishing auncular blood 
flow 

In the present observations the vascular responses of 
hypertensive rabbits were studied by the technique used 
previously for studies on nonnal rabbits. Hypertension 
was produced by applying to both renal arteries silver 
clips channeled to a depth of OS to OB mm. The aurlcu 
lar vessels of these hypcrtcoslTe rabbits dilated when 
body temperature was elevated to between 40 and 40J 
C^, as was the ease with normal rabbits. The amplitude 
of arterial pulsation m the ear was greater than in 
nonnal rabbits but skin temperature rose to the tame 
point m both groups during maximal dflatation. Epme- 
phnne and tyraminc raised blood pressure and diminished 
pcnpheral blood flow m hypertensive and normal anlmaJs 
but with conspicuous differences m sensitivity Rabbit 
kidney extracts raised blood pressure of the hypertensive 
rabbits in spite of the higher resting pressure prior to 
Injection, but the ikm temperature of the ear did not 
change. It appears that the temporary pressor response 
to kidney extract is merely fupenmpoicd upon the exist 
mg hypertcniioo. 

Penetration of Clot by Sulfanilamide Sulfapyndtne 
Sulfathta^ole and Sulfamethylthta^ole By Jahes M. 
Faulknee and (by mvitation) Chables N Duncan 
Boston, Mast. 

Solutions of sulfanilamide, sulfapyndine, sulfathiasole 
and lulfamethylthiaxole were prepared in normal saline 
and m human blood serum in concentrations varying from 
10 to 24 mgm, per 100 cc. In these solutions human 
blood clots were suspended for periods of 24 to 240 
hours, at 37S C At the end of the period the dot was 
removed and washed with distilled ivatcr and chemical 
dctenninationi were made of the amount of drug present 
in the clot and m the lurroundmg solutioa It was 
found that there was no appreciable penetration of the 
dot by any of the compounds. On the other hand, when 
whole blood containing any of the above compounds was 
allowed to dot, the drug was distnbutcd approximately 
evenly between the dot and the serum. If 
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IS to be drawn from these observations relative to the 
chemotherapy of subacute bacterial endocarditis, it is 
that, even if the drug is effective when m contact with 
the causative organism, rapid eradication of the mfection 
is not to be expected However, it seems possible that, 
if treatment is continued over a long enough period of 
time, preexistmg thrombus may become orgamzed and 
all new thrombus laid down will be impregnated with 
the drug, thus gradually bnngmg about a less and less 
favorable medium for growth of the infecting organism. 

The Action of Dihydrotachysierol (A T 10) on the 
Concentration of Serum Sodium, Protein and Calcium 
By John H Talbott and (by invitation) Walter F 
Lever, Boston, Mass 

Metabolic studies on more than 50 patients suffering 
from pemphigus have been performed during the past 
5 years In most patients a decreased concentration of 
serum sodium, protein and calcium accompamed the cu- 
taneous lesions These findings lend weight to the argu- 
ment that the pathogenesis of symptoms in pemphigus 
IS associated with a disturbance of the acid-base eqm- 
librium m the body 

In searchmg for some measures to restore the dis- 
ordered equilibnum, A T 10 was considered because 
of its serum calaura raising effect This was achieved 
according to expectations m each of 12 patients to whom 
it was given Other effects not antiapated mcluded an 
increase m concentration of serum sodium and an m- 
crease m concentration of serum protein. With the 
doses recommended, the average mcrease in serum cal- 
aum was 2,3 imeq per liter (46 mgm. per 100 cc), the 
average mcrease m serum sodium was 5 6 m-eq per liter, 
and the average mcrease m serum protein was 2 5 grams 
per 100 cc. Qimcal improvement followed chemical 
restoration. 

It IS hoped that these properties of A. T 10 may be 
utilized m the treatment of other conditions such as ele- 
vation of serum protein in patients with hypoprotemcmia. 

Comparison of the Action of Choline and Lipocaic m 
the Prevention of Cholesterol Atherosclerosis tn the 
Rabbit By K. R. Andrews (by mvitation) and G O 
Broun, St Louis, Mo 

In 1937, Huber, Casey and Broun showed that the 
pancreatic extract hpocaic prepared accordmg to the 
method of Dragstedt, Van Prohaska and Harms was 
effective m preventing atherosclerosis m rabbits fed a 
diet rich m cholesterol 

Sterner m 1938 showed that cholme m a daily dosage 
of 500 mgm also had the effect of preventing cholesterol 
atherosclerosis in the rabbit 

All hpocaic which we have so far prepared contains 
at least some cholme. The present study compares the 
preventive action in cholesterol atherosclerosis of cholme 
m dosages of 500 mgm., 75 mgm., 40 mgnu, and 10 mgm. 
per day with daily dosage of hpocaic of similar cholme 
content 


The results mdicate that cholme exerts some protective 
action m dosages much lower than those used by Sterner 
We have found some variation in potency of different 
preparations of hpocaic One preparation fed m rather 
large bulk to secure a high cholme mtake gave very poor 
protection. Other preparations of much lower cholme 
content gave good protection. 

The results to date have mdicated that the potency of 
hpocaic preparations may m large part be attnbuted to 
the cholme content, but do not exclude the possibility 
that some other substance may also be operative. 

Further Studies on the m Vitro and m Vivo Dissolution 
of Calcium Phosphate Urinary Calculi By Fuller 
Albright and (by invitation) Hirsh Sulkowitch, 
Boston, Mass 

In 1939 we reported that sodium citrate atnc acid 
solutions have a marked ability to dissolve calcium phos- 
phate calculi The present study is concerned with an 
analysis of the properties of solutions which influence 
their effectiveness for this purpose- 
It was found that rabbits* teeth were suffiaently urn- 
form in structure so that their loss m specific gravity on 
exposure to a solution could be used as a "measuring 
stick.” 

The followmg observations were made (I) Weakly 
dissociated aads buffering between pH 4 0 to 4 8 (le 
pK So to 5 8) are the most effective. (2) At a given 
pH, the rate of solubility parallels the amount of un- 

dissociated aad (i e the ratio) (3) In equimolar 

solutions, dicarboxylic acids with pK'i approaching pK'a 
are more efficient than monocarboxyhc acids (4) When 

the ratio is kept constant, the rate of solubility in 

the pH range 3 0 to 48 is approximately constant and 
relates itself to the phosphoric acid titration curve. (5) 
The followmg organic acids were studied and are listed 
in the order of their efficiency citnc, phthaJic, succinic, 
laevulimc, beta-hydroxybutync, acetic, malomc, propionic, 
glucomc, lactic and pyruvic. 

The usefulness of an acid clinically will depend on its 
ability to dissolve calcium phosphate stones without caus- 
mg irritation. Several aads have been found which are 
almost as effiaent as citnc and less irritating 

Studies on the Mechanism of Hemolysis in Preserved 
Human Blood By Elmer L. DeGowin and (by mvi- 
tation John E. Harris and Jov Bell, Iowa City, la. 
Studies on the manner m which dextrose inhibits he- 
molysis are useful m devising new methods of preserving 
blood. Experimental data are presented to support the 
following conclusions Isosmotic concentrations of dex- 
trose and sodium atrate solutions are not isotonic for 
erythrocytes immediately after collection of the blood. 
Furthermore, there is a slowly progressive swelling of the 
red corpuscles during storage in the refrigerator over a 
period of 30 days. The amount of cell swell mg during 
storage is not directly correlated with the amount of 
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hemolyws, Dextroic wlutiona do not Inhibit hcraolyiU 
by lopplcmentinff the sugar lost by glycolysis. Within 
certain limits, dextrose inhibits hemolysis by serrlng as a 
non-elcctroIytc diluent of plasma rather than by any spe- 
cific a ct ion of the sugar Studies with sucrose solutions 
confirm this. The fwdlmg of the cells m dextrose ac 
count for the increased fragihty in hypotonic saline solu 
dons this swcIUng is, to some extent, reversible. 

During storage, the plasma sodium diffuses Into the 
cells as the potassium goes out The addition of sub- 
stances known to be entyme poisons throws some light 
on the nature of the hemolytic process. 

lodxnc Components of the Blood Circulating Thyro- 
glohiUm in Normal Persons and in Persons with Thy- 
roid Disease. By J Lexuak Boston, Mass. 

Rabbits injected with human thyroglobulm by various 
routes particularly accordmg to the method of Dienes 
(J ImmunoL, 1928, 15 WI) produced andljodie* in high 
concentration. By means of preapitm reactions such 
antiserum could detect minute amounts of tbyroglobulin 
in solution, namely 0 08 to 0 15 mgm, per 100 cc, or ^ to 
^ gamma per ernt of thyroglobuUn iodine. No detectable 
amounts of thyroglobulm were discovered m the blood of 
numerous normal patients, 2 myxedema padents, 15 thy 
rotoxic padents before lodlnizadoa and 2 thyrotoxic pa 
dents after iodinuadoiu Similarly no thyroglobulm was 
detected in the unne of 3 hypcrthyrold padents. 

It is therefore concluded that the excess Iodine usually 
present m the blood of hyperthyroid padents Is not due to 
drcnlatmg thyroglobuUn. 

Blood obtained dirccdy from the thyroid veins at oj^- 
cration was similarly tested for thyroglobuUn. Ten of 
the twelve samples obtained at the beglnmng of opera 
doa were negative two samples obtained at the end of 
hcmithyroldectomy but from the unoperated side were 
also negative. On the other hand, seven of the eight 
thyroid van samples obtained during or at the end of 
the second stage of subtotal thyroidcclomy showed ap- 
preciable atrmiini* of thyroglobulm (0.2 to 13.0 mgm. per 
100 cc.) It disappeared from the circnlarioo within 12 
to 36 hours after operadon. 

The presence or absence, or the amount of thyroglobu 
Un In the blood during and after operadon, did not corre- 
late with the seventy of postoperadre reaction. 

These remits suggest that the presence of thyroglobn 
Uu m the blood is due to the extrusion of colloid into 
the circulation by trauma and that thyroglobuUn does not 
ordinarily leave the follicles as such. This deducdoc is 
consistent with observations of Williams (Am. J Anat, 
1937 62 1) on the release of colloid from hvmg thyroid 
follicles. 

Studies on Hemoglobin Regeneration m Patienis with 
Vitamin C Deficiency By Euckne L. Loikee (mtro- 
duced by George R, Minot) Boston, Mass. 
Observations on regeneration of hemoglobin were 
made in five padents with moderate anemia and vitamin 
C deficiency as by total absence of reduced 

ascorbic add from the blood. These padaits were main 


tained on a diet containing only traces of vitamm C and 
B complex Three had clinical icnrvy, one pellagra, and 
one Idiopathic” hypochromic anemia. In two patients 
the degree of anemia was increased by removal of 1600 
cc, of blood by venesection. In four of the five pa- 
tloJts regeneration of hcraoglobm took place spontane- 
ously or m response to iron therapy alone. In one pa 
dent, a case of dinkal scurvy Iron therapy was incf 
fcctivc but hcraoglobm regeneration apparenUy resulted 
from the adimmstradon of 400 mgm. of ascorbic aad 
daily It Is concluded that hemoglobin regeneration may 
occur In the absence of reduced ascorbic add from the 
blood by chemical test It is, however not implied that 
absence of ascorbic add from the blood necessarily lodl 
cates the total absence of available ascorbic aad. 

The Cardiac Failure in Thiamtn Deficient Pigeons By 
Roy Laver Swank and Orro Besset (Introduced by 
Samuel A, Lcnnc) Boston, Mass. 

If pigeons arc slowly and umformly depleted of thdr 
thiamin on a partially thiamm defiaent diet, and stanra 
don prevented by tube feeding they wiU develop dyspnea 
In 3 to 6 weeks, and postmortem examination wfll reveal 
hyd roper icardium, pulmonary edema and congestion, con- 
gestion of the liver and (or) dependent edema. The 
myocardla of many of these wUl show focal necrosis with 
inflammatory cdl infiltration others wlU appear normaL 
Thiamin produces rapid recovery m all but the most ad- 
vanced cases. Electrocardiographic studies reveal two 
types of abnormality one confuting of changes m the 
QRS complex in leads one and two, and the other of 
changes m the T wave m leads two and three. The 
pathological electrocardiograms arc accompanied by a 
marked increase in the cardiac rate. When thiamin u 
given, the electrocardiograms and cardiac rate return 
to normal quickly A decrease in the cardiac rate oc- 
curred only during starvation. It is concluded that a 
chronic deficiency of thiamin without starvation wili pro- 
duce cardiac failure in the pigeon, that this is preceded 
and accompanied by pathological elcctrocardiograins and 
tachycardia, that starvation alone or during thiamm dc- 
fidcncy produces bradycardia, and that necrosis of the 
myocsirdlam with mflammatory cell mfiJtratioa is a fre- 
quent although late finding in these cases. 

The Cholesterol Content of the Thoracic Aorta and of 
the Renal Arteries or Human Necropsy Material 
Correlation with Clmical Findings and Vascular Pa^ 
thology By Maurice Bhuopi and Maurice R. Chas- 
siN (introduced by Carl H. Greene) New York, N Y 
On material obtained from 37 consecutive necropsies, 
the thoraac aorta and both renal arteries were examined 
for cholesterol content The results were correlated with 
antemortem dtnieal findings and with vascular pathology 
It was observed that (i) The renal arteries of patients 
who had normal Wood presjores daring life conuiaed 
less than 1X9 per cent cholesterol, those of patients with 
arterial hypertension from 1.0 to 1.9 per cent cholesteroL 
(2) In subjects who had normal Wood pressu the 



788 


PROCEEDINGS OF THE THIRTY-SECOND ANNUAL MEETING 


ratio of aortic cholesterol to renal artery cholesterol was 
found to increase with age (04 m the 1st decade to 3 6 
m the 6th decade) This progressive increase in the 
ratio was disturbed m patients who had hypertension by 
the increased renal artery cholesterol (5) The con- 
centration of cholesterol m the renal arteries varied di- 
rectly with that in the aorta only when the cholesterol 
content of the latter exceeded 3 0 per cent With vari- 
ations m aortic cholesterol from 0^ to 3 0 per cent, low 
values for renal artery cholesterol were obtained. (4) 
The degree of renal artenolar and of coronary artery 
sclerosis varied directly with the concentration of cho- 
lesterol in the renal artenes and in the aorta, respectively 

Mechanism of Hemolysis \n Certain Anemias Signtjw 
cance of Increased Hypotonic Fragility and of Erythro- 
stasis By Thomas Hale Ham* and William B 
Castle, Boston, Mass 

When erythrostasis and erythro-concentration, nor- 
mally occurrmg m the spleen, were imitated in vitro by 
the sterile mcubation at body temperature of whole de- 
fibnnated mammalian blood, the red blood cells showed 
progressive mcrease m volume, m “ sphenaty ” and an 
mcrease m hypotomc fragihty to such a degree that he- 
molysis eventually occurred m the serum These changes 
were apparently related to raetabohc processes and not 
to hemolytic agents, such as lysoleathin. 

Splenomegaly, presumably with mcreased mtravascular 
stasis, was produced m dogs by prolonged nembutal anes- 
thesia. Blood samples from the splemc vem showed he- 
moconcentration, variable mcrease m hypotomc fragility 
and hemoglobmemia Concanavalm A of Sumner and 
Howell, mjected mtravenously into dogs and rabbits, 
produced extreme mtravascular agglutination, erythro- 
stasis m peripheral organs and an acute hemolytic anemia 
which was characterized by a strikmg mcrease m 
" spherocytes,*' m hypotomc fragility and by hemoglo- 
bmemia. Concanavalm A produced no significant he- 
molysis or change m erythrocyte fragility in vitro 
Thus a mechamsm is described by which a normal 
degree of erythrostasis occumng m the spleen or other 
organs may cause mcreased destruction of blood m dis- 
eases characterized by mcreased fragility of erythrocytes, 
such as congenital hemolytic jaundice, icterus neonatorum 
and the acute hemolytic ane m i a s caused by arsme and 
sulfanilamide. Similarly, an abnormal degree of erythro- 
stasis should produce mcreased blood destruction m mtra- 
vascular agglutination m hemolytic transfusion reactions, 
m hemolytic anemias associated with autoagglutmation, m 
sickle cell anemia, mfarcts, and “ hypersplemc ” anemia. 

The Plasma Potassium Rtse Accompanying the Parox- 
ysm of Acute Malaria Infections By IL L Zwemer 
and E. A. H Sims (by mvitation) and L. T Cogge- 
SHALL, New York, N Y 

Dunng malaria mfections the release of merozoites 
from the red cells seems to hberatc an umdentified toxic 

*This investigation was aided m part by a grant from 
the Penrose Fund of the American Philosophical Soacty 


substance mto the blood, which is believed to be responsi- 
ble for the paroxysm and fever occurrmg at this time. 
If potassium were released from the parasitized erythro- 
cytes at the time of sponilation, it might serve as a toxic 
substance. Determinations have been made on the varia- 
tions m plasma potassium level dunng the course of ex- 
perimental malaria mfections m monkeys and paretics 
There was ahvays a sharp rise m the plasma potassium, 
but the amount of the mcrease vaned with the stram 
of parasite used. The sharpness of the nse depended 
upon the rapidity of the sponilation time. With rapid 
sponilation it was mcreasingly difficult to obtain samples 
at the maximum elevation as its duration was shorter 
Repeated determinations at frequent mtervals showed 
that mcreraents of over 50 per cent may be found. In 
patients the peak potassium values accompanied chills, 
preceded the peak temperature, and fell before the drop 
m temperature. 

The potassium release from red cells and its inade- 
quate regulation by the body may be a toxic factor, but 
It IS defimtely an accompanymg phenomenon of the 
malaria dull 

Studies on the Effect of Various Pituitary Hormones and 
Non-Specific Substances Upon the Blood tn Hypophy^ 
sectomized Rats By Ovid O Meyer and (by mvita- 
tion) Ethel W Thewlis and Harold P Rusch, 
Madison, Wis 

Before this society we reported that hypophysectomy 
m rats was succeeded by reticulocytopenia and anemia. 
Exposure of hypophysectomized rats to reduced pressure 
m a chamber was attended by failure of production of 
retjculocytosis, polycythemia and bone marrow hyper- 
plasia which normal animals demonstrated. It was fur- 
ther shown that the admmistration of growth hormone 
produced marked and prolonged rebculocytosis but no 
increase in erythroc^es or hemoglobin. The results 
necessitated further study to establish or exclude the 
existence of a pitmtary hormone with a hemopoietic func- 
tion. Several workers have concluded that such a hor- 
mone does exist but their evidence is not convmcmg 
It has now been further demonstrated that hypophy- 
sectoraized rats respond with profound reticulocytosis to 
the parenteral administration of thyroxin, thyreotropic 
hormone and adrenotropic hormone. In none of these 
instances has it been possible to control the post- 
hypophysectomy anemia Furthermore, the mj action of 
the sodium salt of cevitamic acid (Roche) pH 6 3 to 6 5 
or 5 per cent sodium bicarbonate solution is usually 
attended by slight but significant reticulocytosis 
It is concluded that the reticulocytosis occurring m 
hypophyscctomued rats following the mjecUon of pit- 
tmtary hormones is non-speafic smee thyroxm and other 
substances stimulate their formation. To date, however, 
no single substance has been found efficacious m pro- 
duemg mcrcases m the hemoglobm or erythrocytes It 
IS possible that the reticulocytopenia and anemia foUow- 
ing hj^ophysectomy are due to general metabohe de- 
rangements The simphaty of reticulocyte stimulation 
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may be due to their lability m rati, whereas a greater 
stability of hemoglobin and erythrocyte production may 
require a more specific stimulus for correction of the 
defects. 

The results tend to mdicate the lack of a specific 
hemopoietic hormone in the anterior hypophysis with a 
direct action upon the bone marrow 

Tkt Cephalm Cholutcrol Flocculation Test As An Aid 
*ij the Diagnosis of Hepatic Disorders By Fkidesick 
J PoHLi and John K. Stewabt (mtrodu^ by \VU 
lum S Middleton) Madison, Wls. 

Recent mvcstigations by Hanger (J Qin. Invest, 1939 
18 261) indicate that emulsions prepared from sheep 
brain cephalin and cliolesterol are fioccnlatcd by serum 
from patients with hepatic disorders. It was suggested 
that hepatogenous jaundKC could be differentiated from 
obstructive jaundice by this serological rcacUon. 

In the present study the ccphalin-choJcsteroI floccula 
tion test was performed on serum obtained from 352 
normal individuals and 195 patients with suspected m 
trinsic liver disease. The results were compared with 
other tests including the icterus index, quantitative de- 
tcrminatioo of the plasma prothrombin, hippuric acid 
synthesis test, fractionation of the scrum proteins and 
studies on the urobilinogen excretion. Liver tissue ob- 
tained from 32 patients at operation or autopsy was 
examined histologically 

The cephalm-cholcstcrol flocculation test was negative 
m all except one of the 352 normal Individuals studied. 
Eighty-eight of the 195 patients showed a flocculation 
reaction and m each instance cluucal or laboratory »tud 
ici or both confirmed the presence of damage to the 
liver parenchyma. In 2 patients the test was negative 
when other evidence indicated that hepatic involvement 
was presenL The degree of flocculation paralleled the 
seventy of the hver disturbance and m patients with 
hepatitis or drrhoiii of the liver repeated tests proved 
to be of prognostic significance. 

The data indicate that the flocculation test is a more 
sensitive and accurate index of intrinsic liver disease than 
any of the so-called liver function tests. In the present 
study the flocculation test was of little or no value in 
differentiating obstructive from hepatogenous ja und ice. 
The test was frequently positive m patients with proven 
biliary obstruction since secondary disturbances in the 
hepatic parenchyma were also present. 

ExptnmenUU Production During Rebreathing of Sighing 
Respiration and Symptoms Resembling Those vt Anxi- 
ety Attacks tn Patients with Anxiety Neurosis By 
Stattixy Cobb and (by invi taboo) Majtdei. E. CoHur 
Boston, 

Respiratory and circulatory studies have been made in 
100 patients with anxiety neurosis. Anxiety neurosis is a 
disorder featuring attadts of choking palpitatiom, trem 
bling and fear There is general Imtabihty avoidance 
of crowds ^nd maladjustment. 

It was noted, as others have previously stated, that 


there is a high madeocc of sighmg respiration (60 per 
cent) in these cases as compared with control oibjects 
(10 per cent) 

In tesUng the response of the pabents (50 cases) to 
CO, and rebreathing (12 minutes) it was found that the 
number of sighs was greatly increased. This did not 
occur as frequently or to as great an extent m the control 
group If sighing was not nonnally present, it did not 
usually appear as a response to CO» 

A study was made of pabents feelings (25 cases) 
During the 12 minute period of rebreathing roost of these 
stated that they cxpcneticcd feelings and sensabons re- 
sembling or identical with their anxiety attacks In 
some cases the patient exhibited observable differences 
m behavior during rebreathmg such as tearing off mouth- 
piece, clutching at throat wnthmg and wringing hands. 

Studies Per/aimn<? to the Metabolutn of Synovial Fluid 

Mucin. By Mabiax W Ropxs and William v3 

Robertson (by Invitabon) and Walter Bauer, Bos 

ton, Mass. 

Synovial fluid muem is an easily dissociable protem 
polysaccharide complex of remarkably constant corapoil 
bon and charactensbes. Physically and enzymatically it 
is similar to the mucm of subcutaneous tissue. There- 
fore, the metabolism of mudn is important m the physl 
ology not only of joints but also of conuccbvc tissue in 
gcucraL 

The modes of formabon and destruction of mucm are 
not definitely knowiL Evidence to date indicates that it 
IS formed by synovial tissue cells and earned mto the 
joint by the plasma dialysate which forms the synonal 
fluid. 

The difficulty m removal of globulmSy which are smaller 
molecules than mudn, from normal jomts and the altered 
charactensbes of mucm in pathological effusions, suggest 
that mucm is broken down prior to removaL Additional 
evidence has been obtained from studies of the gluco- 
samine content of normal fluid and pathological effusions 
before and after preapitatkra of rauda 

Our studies have disdosed three types of agents which 
may play a rile m the dcstructKin of mucin and its 
polysacchandc — bacterial enzymes phosphatase and ascor 
bic and peroxide. 

Mucinase, an enzyme obtained from filtered cultures 
of CL pcrfrlngens and vanous other bacteria, depoly 
mcrizes mucm and partially hydrolyzes the polysaccha 
ndc. Attempts to dcinonjtratc the presence of mucutiBe 
in normal joint fluid or In pathological effusions m 
which had been partially destroyed have been 

unsoccessfuL 

Phosphatase also cai«es breakdowm of synovial fluid 
mnno- The marked and unexplained variations fn the 
coDCcntratioo of phosphatase m jomt flmd suggest that h 
may be one fiictor m the metabolism of mudn. 

More pcrbncnt physiologically Is the destruction of 
mucm by vitamm O Wc have shown that ascorbic 
acid-pcroxicle, an oxidation product intcnncdiatc between 
ajsoorbic acid and defaydroascorbic acid, causes depoly 
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nienzation of mucin or its polysacchande. Here, as m 
the case of the destruction of mucin in jomt disease, glu- 
cosamine IS not hberate<L The action of ascorbic acid- 
peroxide is not limited to mucins of mesothelial ongm 
but depolyraerizes also epithelial mucins, starch, pectin, 
chondroitin suliunc acid from cartilage and capsular 
polysaccharides of pneumococcus 
The possibihty that ascorbic acid plays a role in the 
metabohsm of mucm is supported by the abnormalities 
of vitamin C metabolism m rheumatoid arthritis It has 
been shown that the level of vitamm C m the blood is 
reduced, and often can be raised to normal only by the 
adnumstration of massive doses of ascorbic acid< Meta- 
bolic experiments m this laboratory indicate that a large 
part of the mgested ascorbic acid does not remam m 
the reduced form m patients with rheumatoid arthritis 
We have, however, found no diflerence m the power of 
normal and rheumatoid serum or synovial fluid to oxidiae 
ascorbic acicL 

The depolymerizmg activity of ascorbic aad-peroxide 
on synovial fluid and other connective tissue mucins, the 
abnormalities of vitamm C metabolism in rheumatoid 
arthritis and the marked mvolvement of mucm-containmg 
tissues in this disease suggest that ascorbic acid plays a 
role m the mechamsm of tissue changes m rheumatoid 
arthritis but in no way mdicate an etiological relationship 

The Bactericidal Property of Blood tn Gonococcal In- 
fections By Howa&d C Coggeshaijl, Helen B Ar- 
nold and L. Dienes (mtroduced by Charles L. Short), 
Boston, Mass 

Various investigators have used the bactericidal prop- 
erty of blood to measure immunological response. Re- 
cently, it has been employed m gonococcal mfections, but 
the results are not conclusive because of the lack of con- 
trol data. For evaluation of this test we selected 44 cases 
with uncomplicated and complicated gonococcal mfections 
(11 acute urethnUs, 9 prostatitis, 10 salpingitis, 2 epididy- 
mitis and 12 arthritis) Fifty-three tests were made on 
these cases and were controlled by 150 tests on 43 nor- 
mals Gonococcal complement fixation was determined 
on all bloods 

The method was similar to that employed by Todd, 
Ward, Robertson and Keefer Most tests were made 
with a strain isolated from an acute case of urethntis 
However, a total of 13 strains isolated from other sources 
was tested. 

Blood obtamed from controls exerted in most in s t a n ces 
a marked bactericidal effect which vaned from 0 to 1,000,- 
000 organisms killed, the median being 10,000 Uncom- 
plicated cases of gonorrhea showed the same range and 
distribution of blood bactericidal activity However, 
complicated cases showed a slight mcrease m the average 
bactericidal titer, the median being 100,000 Results from 
any given case were not significant because of the wide 
variations observed m both normal and mfected cases. 

Companson of 13 strains of gonococci showed defimte 
variations m resistance to the bactericidal activity of 
blood. Strains resistant to normal blood tended to be 


equally resistant to blood obtained from the patients 
studied. Since the bactericidal property of blood from 
patients with gonorrhea or one of its complications is 
not increased strongly and regularly, even after the 
gonococcal fixation test becomes positive and does not 
differ sigmficantly from that of controls, it would seem 
that this test m its present form is not an adequate 
measure of the immunological response to gonococcal 
mfeebons 

The Passage of Thiocyanate and Glucose from the Blood 
Stream into the Jomt Spaces By J Wallace Zklles 
and E G L Bywaters (introduced by Granville A. 
Bennett), Boston, Mass 

In order to obtam further information concerning the 
physiology of articular structures, the permeability of the 
synovial tissues to the crystalloids, NaCNS, and glucose 
was studied in normal calves Thiocyanate was detect- 
able m the synovial flmd nine mmutes after intravenous 
injection. Fairly constant serum CNS levels were 
reached within one hour, but the time required for at- 
taining equilibrium between the serum and the synovial 
fluid varied from one to six hours At equilibrium the 
CNS m serum averaged 9 per cent higher than m syno- 
vial fluid. The CNS content of aqueous humor was 
about one-third that of synovial fluid, and only traces 
were present m the cistern fluid The CNS concentra- 
tions m these three body fluids and m the serum roughly 
paralleled the protem concentrations. A similar relation- 
ship between CNS and protein concentrations of serum 
and transudates has been observed m patients with edema. 
Our results confirm the suggestion that some of the 
CNS IS held m the serum in a non-diffusible state. 

Glucose entered the jomt space more slowly, appear- 
ing about twenty minutes after mtravenous mjection. 
The blood sugar returned to the pre-mjection level m 
approximately two hours When the blood sugar was 
falling, the rate of utilization of glucose by the articular 
tissues and the rate of diffusion from the joint space into 
the synovial capillaries were not sufficiently rapid to keep 
the synovial fluid sugar level at or below that of the 
serum. Similar relationships between blood and pleural 
transudates m diabetic patients with cardiac failure have 
been described. 

The experiments show that substances of small molecu- 
lar size diffuse readily mto the joint spaces With re- 
spect to CNS and glucose, the equilibrium between serum 
and normal synovial fluid resembles the equilibrium be- 
tween serum and transudates m patients with edema. 
This similarity offers further mdication that synovial 
fluid IS tissue fluid. 

The Treatment of Hypogonadism By W 0 Thomp- 
son and (by mvitation) N J Heckel and S G Tay- 
lor, HI, Chicago, III 

The followmg aspects of the treatment of hypogonad- 
ism arc of special mterest 

1 Factors hmttmp response to glandular treatment 
The response to treatment is determmed by the stiraulat- 
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ing agent and the capacity of the organs stimolated to 
rcspontL Strilaiig growth of the genitalia, other sccon 
daiy sexual characterutici, and the skeleton may be m 
duccd by some gonadotropic materials and sex hormones, 
but the response appears to be modified greatly by the 
age at which the stimulus Is applied. For example, at 
any age from Hrth to puberty the penis may be made to 
grow to adult proportions (but not larger) by adminis- 
tration of the gonadotropic material from the urine of 
pregnant women. After puberty striking growth may 
be induced only if the penis is very small but the growth 
never appears to equal the nomuL The growth of body 
hair roughly parallels that of the perns. A similar state 
of affairs obtains m the treatment of young boys and 
of adults of the eunuch and eunuchoid types with male 
sex hormone (testosterone propionate) The response of 
the gemtaha and other secondary sexual characteristics m 
the female with primary hypogonadism to treatment with 
estrogenic materials, including stilbocstrol bears a simi 
lar relationship to the age of the patient 
There appears to be an optimum tune for induction of 
gcmtal growth and the changes associated with it and 
this time is apparently the period during which they 
normally occur 

2 . Hormonal factors infitunang the growth of tkc 
prostate in man The following observations m man 
support the hypothesis that the growth of the prostate 
is dependent upon the production of male sex hormone 
(n) In young boys showing marked genital growth 
during the administration of gonadotropic principles or 
male sex hormone, and m adult cimuch and eunuchoid In 
divtduals showing similar changes during the adminls 
tration of male sex hormone, the prostate wlilch is com- 
monly not palpable before treatment may assume the 
proportions seen in the normal adult 

(b) The prostate regresses in sue when such treat 
ment IS omitted. 

(c) The prostate normally enlarges at the time of pn 
berty In assoaation with a marked increase In the pro- 
duction of male sex hormone. 

These observations would appear to contraindicate the 
treatment of benign proitatic hypertrophy with testos 
tcrone propionate. 

In elderly men with waning sexual function, who ex 
perience marked improvement during the administration 
of testosterone propionate, the sixc of the prostate should 
be checked frequently 

The Destruetton of Thtamm by Unactdtfied Bile and 
PoMcreahe Jutce A Possible Explanation of the Cord 
Changes tn Pernicious Anemia, By Hcifay Fima 
and (by mvitation) WnuAii D RoBUfflON and Danhx 
Melkioc, Ann Arbor Mich. 

Degenerative changes in the spinal cord, more or less 
simulating those of pernicious anemia, have been ofa- 
senred m beriberi, pellagra and experimental deficiencies 
of Vitamins A, B and some unidentified factor in the 
complex. A dcfiacncy m intake of these vitamins in 


pcmiaous anemia has not been demonstrated but a de 
fickney might be conditioned by the pathological physl 
ology of the disease. 

We have found that patients receiving intensive alkali 
therapy for peptic ulcer and those with achlorhydria have 
subnormal urinary excretions of thiamm. There is no 
significant destmctioa of thiamin when it is incubated 
with achlorhydric gastric juice. As much as 56 per cent 
of thi a m in is destroyed when it it incubated with human 
bile or pancreatic Juice at thdr natural pH. A relatively 
small destruction occurs when thiamm is incubated with 
bile or pancreatic Juice adjusted to the pH commonly 
found m the intestinal tract. 

The pabent with achlorhydria will develop a thumln 
defiaency unless he takes in more of It than will protect 
a normal Individual A chrcailc, variable thiamin de- 
ficiency over many years may explain the cord changes 
of pemidous anemia. It is possible that the abnormal 
physiology of this disease may effect the utilUation of 
other vitamins. 

Chloride Excretion i« Experimental Diabetes Imipidus 
By E. HfiNRY Kkutvanw and Rowlaito T Bsiiowa 
(introduced by S L. Warren) Rochester N Y 
Chloride and water excretions were studied in dogs 
with diabetes inalpldns. The disease was produced by 
cautcriiatian of the supra-optic nuclei. The rate of glo- 
merular filtration was calculated by means of creatmme 
clearances. 

The response to the intravenous injection of various 
coocentrabons of salt solution was studied. Before op- 
eration the maxbmim ratio of obtained when 

CL m scrum 

5 per cent sodium chloride soIutJon was injected was 
2J6. After operatkm the maximum of this ratio ob- 
tained with identical procedure -was (L59 The clearance 
of chlonde was also reduced. 

Similar differences before and after operatioQ were 
found when less concentrated salt solutions were used. 

When pitressm was administered to animats with dia 
betes inrip idtn, there was an immediate and marked m 

. . . CL in unno , . , 

crease of the ratio 7 = — j and an immediate in- 

tj. in serum 

crease m the clearance of chlonde. 

After operatioo the rate of glomerular filtration de- 
creased. When pitressin was administered, there was no 
immediate increase of glomerular filtration while the 
chloride concentration and excretion increased. It is 
thought that the changes in chloride cxcretioa can best 
be explained by increased reabsorption of chloride after 
the production of diabetes iniipkliis. 

Obseroaitans on Resutance of Pneumococci to Sulfa 
pyndine and SulfathutsoU By Francis C Lowill 
and Euas Stiauis (by invitation) and Maxwell 
Finlakd^ Boston, Mass. 

The susceptibihty of different strains of ptmanococcl 
to the action of these drugs was found to con 

tidcrablc vanations. These variaUans in 
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were observed in different laboratory strains, in strains 
isolated from different patients and in strams obtained 
from the same patient at different times m the course 
of treatment 

Susceptible strams were made resistant by various in 
Vitro procedures Different strams varied in the ease 
with which they acqmred resistance. 

When strams that were originally susceptible to the 
action of both sulfapyndme and sulfathiazole were made 
resistant to the action of either one of these chemicals 
they also acquired resistance to the other 

The Positive Conditional Salivary Reflexes tn Psycho~ 
neurotic Patients By George F Sutherland (by 
mvitation), Jacob E Finesinger and (by mvitation) 
pRANas McGuire, Boston, Mass 
This study deals with variations fotmd m the positive 
salivary reflex m eighteen psychoneurotic patients 

1 The magmtude of the response vancd from day to 
day, even from combination to combination. 

2 The greatest response usually occurred m the second 
combination of the day 

3 A metronome stimulus elicited greater response than 
did a 100~watt light stimulus 

4 A correlation existed between the emotional state, as 
determmed by an interview, and the reflex status Some 
patients developed progressive inhibitory states charac- 
terized by (i) a diminution m response, (2) equalization 
of response to auditory and visual stimuli, (3) paradoxi- 
cal reaction, (4) ultra-paradoxical reaction, and (5) 
temporary inhibition of the reflex. 

The Occurrence of Methenioglohinenixa During Therapy 
with Sulfapyndme, Sulfathiasole, and Sulfainethyl- 
thiocole Formation of Methemoglohm m Vitro By 
Charles L Fox, Jr, and Bruce Hogg (by mvitation) 
and Reuben Ottenberg, New York, N Y 
The blood of patients receivmg sulfamlamide has been 
shown to contam methemoglohm and an additional pig- 
ment, Patients receivmg sulfapyndme, sulfathiazole, and 
sulfamethylthiazole do not appear as deeply cyanotic as 
patients receiving sulfanilamide. Like sulfanilamide, 
these three drugs do not produce methemoglohm tn vitro 
Photo-oxidized sulfamlamide has, however, been shown 
to produce mcthemoglobm m vitro In seeking to explam 
the mechamsm of anU-bactenal action of these drugs, it 
seemed important to ascertam whether methemoglobi- 
nemia accompanies therapy and, if possible, to reproduce 
this in vitro 

Curves drawn by the Hardy recordmg spectrophotome- 
ter, and the change in optical density at X 630 m/i after 
addition of cyanide, dearly demonstrated methemoglobi- 
nemia durmg therapy with these three drugs 
Jn intro, no mcthemoglobm was formed by any of the 
drugs. After oxidation of these drugs by irradiation 
with ultraviolet light, the resultmg famtly yellow solu- 
tions all produced methemoglobin. 

Complete absorption curves were also obtamed on mix- 
tures of hemoglobm and solutions of the photo-oxidued 


drugs As m the case of sulfamlamide, analysis of these 
curves and those of patients* blood demonstrated, m addi- 
tion to the methemoglohm produced, a third unidentified 
pigment with maximum absorption m the red end of the 
spectrum. 

The data show that therapy with these drugs is accom- 
pamed by methemoglobinemia The tn vitro formation 
of methemoglohm only by oxidized forms of these drugs 
suggests that the methemoglobinemia occurring during 
therapy results from oxidation of the drugs used. 

Studies of Homogenttsic Acid Production m a Case of 
Alkaptonuria By J Murray Steeix and (by mvita- 
tion) Konrad Dobriner and Morton Galdston, New 
York, N Y 

The study concerns the effect of feeding vanous 
amounts of pro tern and certain vitamins and of mjecting 
d- and i-phcnylalanme upon homogentisic acid produc- 
tion m a 56-year-oId man. 

On a protem diet averagmg 130 grams daily he ex- 
creted 7 8 grams of homogentisic acid m 24 hours , on a 
60 gram diet, 3 6 grams , and on a 30 gram diet, 1 8 grams 
of homogentisic aad On the high protein diet neither 
daily injections of crude liver extract nor campolon had 
any effect within a period of 6 days Nicotinic acid, 
thiamine chloride, riboflavin and other vitamin studies are 
under way Nicotmic aad in 1 gram doses daily is 
without effect upon the homogentisic aad excretion 
After 7 days* observation on the low protem diet, 4 
grams of d-phenylalanme were mjected intravenously 
During this 24-hour period the homogentisic aad ex- 
creted rose from an average of 1 8 to 3 4 grams, and the 
urinary carboxyl carbon from 47 4 to 129 3 mgm. Four 
days later 4 grams of /-phenylalamnc were injected and 
the homogentisic aad excreted rose from 1 8 grams to 
S 6 grams while the unnary carboxyl carbon did not rise 
significantly Of the J-phenylalamne injected only 40 per 
cent was converted mto homogentisic acid, while of the 
/-phenylalanine, 95 per cent was converted. If the rise m 
urinary carboxyl carbon is calculated as phenylalanine, 
then of the d-phenylalamne mjected, 28 per cent was 
excreted as ammo acid, while of the /-phenylalanme, there 
was none or only a trace. 

Pregnancy tn Relation to Rheumatic Fever and Rheu- 
matic Heart Disease By Bernard J Walsh (by in- 
vitation) and Edward F Bland and T Duckett 
Jones, Boston, Mass 

The contmued follow-up of a large number of patients 
who have received care at the House of the Good Sa- 
maritan because of rheumatic fever has provided data 
pertaining to pregnancy and its influence on this group 
These data are of particular mterest because they in- 
clude observations made for considerable periods both 
before and after pregnancy 
The material consists of 264 births occurring m 153 
women, or 1 7 living children per patient An additional 
34 births took place prior to the seventh month of 
pregnancy The mean age for the group at their initial 
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pregnancy was 21Mi yean. Rheumatic heart disease was 
present m 60 per cent 

In only 13 mstancei (5 per cent of the total live 
births) did events occur in relation to pregnancy that 
might be considered as evidence of active rheumatic 
fever These events may be divided into three groups 

1 Frank rheumatic fever with jomt pam and swelling 
4 patients. 

2 . Development of congestive failure during the eighth 
and mnth months of pregnancy 5 instances in 4 
patients. 

3 The development of congestive failure after preg 
nancy 4 patients. 

In ascribing the congestive failure that appeared m 


those of Groups 2 and 3 to rheumatic fever we affirm 
our belief that the occurrence of congestive failure in 
adolescent or young adult patients with rheumatic heart 
disease is by and large an indication of active rheumatic 
fever However cardiac failure becoming mamfest dor 
mg the last trimester of pregnanqr renders this likely rdlc 
of active rheumatic fever a more uncertam one. Con 
Tersely the development of congestive failure in the 
postpartum period a time when blood volume, blood 
flow and the cardiac output have returned to normal, 
makes active rheumatic fever a likely causative agent in 
the production of the congestive failure. 

Excepting the cases previously menboned, there has 
been no detectable progress in cardiac disease that could 
be related to pregnancy 
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edema Pescaton (8) studied 40 postmortem 
fluids and found an average pH of 795 with 
vanations from 7 53 to 8 02 

Normal humcui synovial fluid contains fewer 
cells than normal bovine fluid, the average nu- 
cleated cell count bemg 63 per cu mm (3) as com- 
pared to 112 to 182 (1, 9, 10) Erythrocytes are 
absent The average differential nucleated cell 


counts for normal human 

and bovine sjmovial 

flmd are as follows 

Human fluid 

Bovine fluid 


Per cent 

Polymorphonuclears 

65 

22 

Monocytes 

47 9 

36 4 

Clasraatocytes 

10 1 

15 0 

Unclassified phagocytes 

49 

39 

Lymphocytes 

24 6 

40 1 

Synovial cells 

Umdentified cells 

43 

2 2 

1 2 

1 2 


) 


The total nucleated cell counts of this senes 
can be compared with those reported for normal 
human fluids by Labor and von Balogh (11) (10 
to 20 cells per cumm ), McEwen (12) (125 to 
200 cells), and Kling (13) (10 to 50 cells) 

The total protein content of normal human fluid 
(2 57 grams per 100 cc ) is approximately three 
times as high as that of normal cattle fluid Since 
most of the increase is in the muan fraction, the 
content of albumin and globulin is only twice as 
high m human fluid, bemg 1 72 grams as com- 
pared to 0 89 gram per 100 cc This value is in 
the same range as those reported by Fisher (5) 
(16 per cent) and Honye (4) (045 to 3 15 per 
cent) for normal human flmd On the basis of 
the findings m many normal and abnormal human 
fluids, we would conclude that a value of 3 15 
would be found only in an abnormal fluid Cajon 
and Pemberton (14) reported 1 39 per cent pro- 
tein in synovial fluid from a patient with gener- 
alized edema Determination of the albumin and 
globuhn fractions of human fluid was possible 
only when 2 cc of fluid was obtained, with the 
result that the majonty of determinations were 
made on flmds aspirated from edematous patients 
Furthermore, the uncertainty of the absolute 
globuhn concentration by any of the methods for 
fractionating the serum protems, and the de- 
creased accuracy of the methods m fluids of low 
protein content, make it difiicult to establish ac- 
curate normal values for the protein fractions 
The marked individual vanations that were found 


may be due m part to analytical difficulties and 
in part to variation in capillary permeabihty 
Similar variations have been found m normal cat- 
tle fluid (1) and in pathological flmds (14) In 
all cases, however, the globuhn content was low 
and in one edema flmd no globulm was demon- 
strable The albumm-globulin ratios tended to 
be high In the one case in which only 2 cc of 
flmd was obtained the ratio was 19 3, with a 
globuhn concentration of 0 05 gram per 100 cc 

The presence of albumm and globulin m normal 
human flmd can be explained presumably on the 
basis of shght capillary permeability to proteins, 
as was assumed in the case of normal cattle flmd. 
The marked difference in albumin and globuhn 
concentration indicates a much greater capillary 
permeabihty to albumin than to globuhn This is 
in accord with the findings m cattle fluid (1), 
with the results of the studies on the entrance of 
proteins mto joints of rabbits (15), and with the 
conclusions of other workers (16, 17, 18, 19) 

The muan content of normal human fluid (0 85 
gram per 100 cc ) is much higher than that of 
flmd from the astragalotibial joints of cattle, as 
would be expected from the marked differences 
in viscosity Fisher (5) found 195 per cent 
muan m normal human fluid, while Cajon and 
Pemberton (14) report a muon content of 042 
per cent in fluid from a patient with generalized 
edema That the viscosity of synovial flmd is 
due to the presence of muan is shown by the 
fact that the viscosity approaches that of water 
after removal of the mucin Companson of the 
differences m viscosity and muan m normal syno- 
vial flmds from vanous animals suggests that the 
viscosity IS related to the degree of polymeriza- 
tion of muan as well as to the concentration 

Normal human synovial flmd does not clot 
This is due presumably to the absence of fibnno- 
gen No fibnnogen was foimd by preapitation 
experiments with 1 1 M phosphate solution at 
pH 6 5 

The distnbuhon of nonprotem mtrogen be- 
tween fluid and plasma is approximately the same 
as that found m cattle fluid (1), in horse fluid 
(20), and in other flmds shown to have the com- 
position of dialysates of blood plasma (21, 22, 
23) The average distnbution ratio is 091, and 
many mdmdual cases show an equal concen- 
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TABLE I 

Ckemtcai compotxtujn oj twmuxl human synovtaljiutd 








Total protdn 





Anufinl 

RekllTQ 

ToUI 


pH 

(cxdiulTv of modn) 

Annuoln 




vlicotlty 

•oUdj 

paTlty 



Globulin 

Uodn 


1 

1 1 

FlnM 

1 Scrum 







Average * 

CC. 1 


crew ftr 
too grams 


1 

srawu per 100 cc. 

crow per 
100 cc. 

crow per 
100 ee. 

cr«w Per 

100 ce. 

1 1 

150 

3 41 


7J8 

1 72 

6 79 

102 

005 


Maximum 

3.5 

403 

483 


7J9 

1 2 13 

7 26 

X 10 

Minimum 

0 13 

51 

2 40 


7.36 

IJl 

6J1 



055 

5 

Number of fluids { 

46 

20 

8 


2 

1 10 

2 

I 

1 

Average t 

80 

53 

223 

1 1010 

1 740 

063 

5 77 

1 0 67 

1 0 17 

1 OAO 

Maximum 

400 

174 

343 

1 1012 

1 745 

1 78 

708 

1 1 45 

1 0J3 

1 18 

Minimum 

0 25 

6 

1 45 

1008 

7.29 

0 12 

444 

0 12 

0 

0 06 

Humberof fluid* { 

78 

7 

1 

19 

1 7 

4 

60 

24 

6 

6 

48 


* Fluid* obtamcd postroortcm from patient* without edenii, 

+ Fluid* obtmncd postmortem from patient* with varying degree* of edema 
t Represent* the number of flmd* from which the averages were obtainctL 


Uation m plasma and fluid, mdicating that the 
tissue between flmd and plasma in humans is 
readily permeable to nonprotem mtrogen 
The distnbubon ratios for sugar show more 
variation, but the average is 1 12 and many cases 
show a ratio of 1 00 The variations and the 
high average ratio are explicable by the fact that 
the blood sugar ^vas changing rapidly before death 
and the flmd \va 3 not m eqmhbnura 
Study of the distribution of electrolytes be- 
tween flmd and plasma m humans has been limited 
because of the small amount of flmd available 
Such determinations as we have made represent 
flmd from patients with edema (see Table II) 


TABLE n 

Viilnbution Totioi irttcem ttrutn and synovial fiu\d 




Su*aj/ 1 
Sofar 

a 1 

vs: 

Average 

0J?l 

1 12 

0 98 

0A7 

Maximum 

1 11 

2 06 

100 

090 

Minimum 

0 66 

065 

0 91 

084 

Numbner of fluid** 

25 

22 

15 

4 


* Reprwent* the number of fluids from which the 
average* were obtained. 


The results, however, are apphcablc to normal 
human s3movial flmd m general, smee membrane 
cqmlibnum, if present, would be mai nta i n ed de 
spite the increased volume of fluid. The two 
substances (Q and Ca) which have been studied 
show distributions similar to those found in cattle 
flmd and other body flmds having the composition 


of plasma dialy sates The average distnbuhon 
ratio of chlonde between plasma and human flmd 
13 identical with that for cattle fluid (1) The 
theoretical Donnan ratio for the Uvo systems is 

the same. The average ratio also is cssen 

\Ca, 

tially the same as that for cattle flmd and mdicates 
that part of the calcium is held m the serum pre- 
sumably bound to protem. 

DISCUSSION 

Thus, the distnbution of non-electrolytes and 
electrolytes between plasma and normal human 
synovial flmd is m accord with the findings m 
normal bovme synovial fluid and mdicates that 
normal human synovial flmd is a dialysatc of 
blood plasma, containing albumin globulin and 
mucin. 

The presence of serum proteins m synovial flmd 
can be explained presumabty on the basis of sbgbt 
capillary perraeabihty Albumin and globulm are 
found m varying amounts m other body flmds 
which have been shoivn to have the composition 
of simple dialysatcs of blood plasma (lymph, 
edema pleural and asabc fluids) (21, 22, 23) 
The high albumin globulm ratio in normal human 
flmd mdicates a greater permeability to albumin 
fhnxL to globuhn 

The presence of mucm in no way mvahdates 
the above theory The nature of the synovial 
membrane and the mechanism of formation of 
mucm have long been discussed. The consensus 












EXCRETION OF SODIUM PREGNAimDIOL GLUCURONIDATE IN 
URINE OF NORMAL HUMAN PREGNANCY ' 

By carl BACHMAN DOROTHY LEEKLEY, ajto H, HIRSCHMANN 

(From the Deporitneni of Obstetrics and Gynecology aiid the Gynecean Hospital Institute of 
Gynecologic Research Umxfersity of FennsylvaniOj Philadelpha) 

(R«civcd for pabiKatfoa June 17 ISMO) 


Venmng and BroNvne (1 to 7) have shown 
that sodium prcgnanediol glucuromdate is ex- 
creted m unne of human pregnancy in concen- 
trations which become increasingly higher as ges- 
tation approaches term Although this demon- 
stration has been repeatedly conlinned (8 to 16) 
relatively few workers have studied the precise 
levels and ranges of normal excretion, or have 
secured long-continued records of output m mch- 
vidual partunents. As a consequence there has 
not been complete agreement concermng the quan 
btative aspects of normal excretion We have 
accordingly studied the unnes of a number of 
healthy women throughout pr^fnancy In addi- 
tion to corroborating the ongmal findmgs of 
Vcnnmg and Browne, our studies have thro\vn 
light upon a number of points which have pre- 
viously been m question, and have supplied data 
concermng excretion dunng multiple pregnancy 

METHODS 

Twenty foirr hour voluraci of urmc were collected at 
weekly InlerraJ* from early pregnancy to the onjet of 
labor The ipccimem were dehvered to the laboratory 
withm an hour of the completion of tbar coUcctioo, and 
were then kept at 0 to 5 until their work-up, which In 
oo imtance was delayed longer than 15 hoort. 

The work up of the urmes was carried out m ac 
cordance with Vcnmng^i modified method (3) except that 
33) cc. of water were used for rc-distolving the first pre 
apitates obtained from acetone. From the 24dioar col 
lecUons, aliquots were selected which were expected to 
yield at least IS mgm. of the glucuromdate. When the 
pure compound was added to pregnancy urines in this 
amount, recovcncs were quantitative with the procedure 
employed. This did not justify the assumption that the 
recoveries of the pre-fonned glucuromdate of such urines 
were also quantitative, since the addition of IS mgm. of 
pure compound to urines containing no glucuromdate — 
i-e male or menopausal unne — resulted in recoveries of 
ooly about 85 per cent Ncvcrthdcif, the yields of pre 
formed compound from pregnancy unne were calculated 

^ Aided by a grant from the Penrose Fund of the 
American Plnlosophical Soaety 


on the assumption that they represented complete recov- 
encs. 

The pure reference compound was obtained by extract- 
ing the fina l product of the modified Vcnnmg procedure 
with butanol from an alkalme solutxm, and t hen evaporat 
mg the extract to dryness, preapitatmg the residue from 
water with acetone and rccrystalUxmg the product from 
ethanoL Examination of a sample, dned at room 
perature m tticuo over P,©* gave the following analysis * 

Calculated for CaHuO^a. H,0 C,6a41 H,a4S Na,4.29 
CflH«O.Na. C,62il,H.aJ6,Na,4 44 
Found C,62J5 H 8.21 Na,4.(53 

These findings together with our data on the loss of 
weight during drying mdicated that the pure compound 
did not contam a molecule of water of crystalluation, as 
stated by Vcnnmg and Browne (1) and that a mono- 
hydrate could not be readily obtained. Its melting pobt 
was found to vary with the rate at which samples were 
heated, being 277 (corrected) when the temperature was 
raised 4 per minute. Melting was accompanied by dc- 
compositioa 

The pregnancdiol gliicuronidate isolated during the sys- 
tematic examinations of pregnancy unne was identified m 
cTciy instance by a mcltmg point dctennination, standard 
ized to the above rate of beating In general, the prepa 
rations obtained from urme of early and mid-pregnancy 
were relatively colorless crystals which rarely melted at 
temperatures lower than 273 (corrected) Those ob- 
tain^ from unne of late pregnancy were brown and serm- 
crystallme, and showed melting points 6 to 10 lower 
than that cf the standard preparatioiL Although it was 
obvious that the nnpurihes present in such samples caused 
over-estimatej of the amounts of glucuromdate obtained, 
no correction was applied to the yields. However 
preparations which gave melting points more than 10 
lower than the standard were further purified before 
weighing 

In conformity with previous reports, our results have 
been recorded in terms of free prcgnanediol. Since our 
glucuromdate products were dried «♦ ujcuo before weigh- 
ing, a factor based upon the molecular wagbt of an- 
hydrous prcgnanediol ghicuronidate — ue^ 320/518, or 0.fil8 
— was employed for this convcnioc. 

OBSERVATIONS 

Single fetus gestation Data were obtained 
from 6 patients whose health remained normal 

* Microanalysii by Mr Wm. .Saschek. 
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Absaasa represents menstrual age of pregnancy m weeks (wks preg ), and mcludes the first 
few postpartal days (days p -p ) Ordinate shows output of pregnanediol in mgnu per 24 hours 
Heavy dotted line represents the means, hght lines (enclosing stippled area) the extremes, of 
daily excretion for various weeks of gestation in a group of 6 women. All labors spontaneous 
m onset Average duration of pregnancy for the group, 279 days Average crown-heel length 
of infants, 492 cm , average weight, 3218 grams Average placental weight, 630 grams 


during the penod of study The results of 144 
determinations were available for consideration, 
representing an average of 24 senal weekly ex- 
aminations of each patient prior to the onset of 
labor It was noted that with each patient these 
exammations had fallen upon dates which could 
be onented in terms of weekly intervals (plus or 
mmus a day) from either the date of the last 
menstruation or the date of delivery It was thus 
possible to arrange the data m terms of the mean 
and extreme excretions of the group for each 
week of gestation 

Such an arrangement of the data has been made 
in Figures I and 2 , where the orientations have 
been based, respectively, upon the menstrual age 
of the pregnanaes and upon the number of weeks 
remaining before delivery That the two methods 
of onenting the data should not have yielded iden- 
tical curves of average excretion was due to the 
fact that the menstrual age of the pregnancy at 


the time of dehvery m 3 of the 6 patients deviated 
from the mean of 40 weeks for human pregnancy 
by 1 to 2 weeks, t e , 38, 39 and 42 weeks, respec- 
tively The method of onentabon and the re- 
sultant curves illustrated m Figure 2 have been 
regarded as preferable to those of Figure 1 for 
the following reasons First, the menstrual his- 
tones were not completely dependable m certain 
of the cases, second, the mfants who were bom 
to each of these mothers met the accepted cntena 
for full fetal matunty in respect to their skeletal 
dimensions and body weights regardless of the 
presumptive menstrual ages of the gestations, 
third, the deviations of the extreme values from 
the mean values of excretion were smaller m 
Figure 2 than m Figure 1, and, finally, Figure 
2 reflected certain charactenstics of the patients' 
individual records of excretion more fully than 
did Figure 1 

Pnor to the 20th week of pregnancy mean 
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Fia 2. PiMjfAifiDiot Exckehon nr Uquual Prknancy 
Same as Figure 1 except that the data for various penods of pregnancy arc arranged m 
terms of mtervals rcmamlng before labor or weeks antepartum (wks. a. p,) 


daily excretions of pregnanediol did not exceed 
30 mgm. Thereafter the amounts of such ex- 
crctiona were found to nsc by increments of about 
20 mgm per month until the 36th -week, at which 
tune a peak level of about 100 rngm. per 24 hours 
was attained. Following this the daily excretions 
tended to fall off m amount, so that by the 39th 
week a mean level of 80 mgm per day was the 
rule, Accordmg to Figure 2 the amount of any 
pabent’s daily excretion did not appear to deviate 
by more than ± 20 per cent from the mean ex- 
cretion of the group for a corresponding penod 
Among the vanous patients these differences 
tended to be most marked m late pregnancy No 
patient's mdividual record of output was found to 
he contmuously above or below the mean curve 
for the group 

The pre-labor peak and fall m excretion, illus- 
trated m Figures 1 and 2, were apparent m the 
mdividual excretion records of 5 of the 6 patients 
studied. In addition transient cyclic fluctuations, 
rccumng at monthly mtervals, were dearly visible 
m the records of 4 of these patients (see also the 


averaged data of Figure 2) These fluctuations 
were not paralleled by similar variations m the 
unne volume output Moreover, an mvestigation 
of the latter point illustrated m Table I showed 
that when unne volume and pregnanediol output 


TABLE 1 

Abuncs oj correlation heiwun urtno volumo output and 
excretion of pretnantdiol ilucuronidais dunnt xhori 
conucuhot intervals 
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wlo Z6 50 52. M 36 56 4o 4Z 

preij. I 


Fig 3 Cycuc Fluctuations of Pkegnanediol Excbetion During Late Phegnancv 

IN A PHIiaGaAVTDA 

Excretion at twice-weekly intervals (heavy dotted line) is plotted agamst a background 
(stippled area) of the normal ranges of pregnanediol output for the penod studied False 
labor (F L ) occurred at 40th week True labor, and the birth of an oversire postmature in- 
fant, occurred at 43d week 


were both examined dunng short consecutive m- 
^ervals, there was no general relation between 
them either at penods of pregnancy, when the 
rate of pr^^nediol excretion was relatively con- 
stant,* or immediately pnor to labor when the 
rat^ \yas falling preapitously 

In order to venfy the existence of these cyclic 
fluctuations in the excretion of pregnanediol, the 
unne of a seventh patient was examined at twice- 
weekly intervals dunng the last 3 months of 
gestation The results, plotted in Figure 3, fully 
confirmed those obtamed m the ongmal group of 
patients 

Multiple pregnancy Results were obtained for 
short penods of gestation from 4 cases of twin, 
and 1 case of tnplet pregnancy They have been 

5 In view of this finding we are currently investigating 
the possibihties of substituting 12-hour specimens for 24- 
hour collections of unne in the study of pregnanediol ex- 
cretion m pregnancy 


plotted in Figure 4, together with data concern- 
ing the dimensions and weights of the infants 
and placentas Information concerning the ma- 
ternal health of these cases has been mcluded (see 
Table II) in order that this factor could be con- 
sidered m evaluating the probable physiologic sig- 
mficance of the results With the exception of 
the mexphcably high level of excretion exhibited 
dunng early pregnancy in one case, the results 
indicated that pregnanediol output m these cases 
of multiple pregnancy did not exceed the levels 
observed at corresponding penods of single-fetus 
gestation 

Puerpenum Results covering the first 5 days 
of the puerpenum were obtained from 5 patients 
whose excretions were normal dunng pregnancy 
In spite of the use of an m-dwelling catheter for 
obtaining the unne free of contamination with 
lochial discharges, it ^vas found that the glucu- 
romdate isolated from puerperal unne was more 
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Fio, 4 PXECNANIDIOL EXCSCnON IN MULTIPIX pBECNAKCy 


Data for ihort pcnods of gestation in 4 cases of twm, and 1 case of tnplct pregnancy are 
plotted againit a baclcground (ibppled area) of normal ranges of prcgnancdiol excretion for 
nngle-fctus gcstatlotu Each heavy dotted line rcprcsenti excretion in an indmdnal pabent, 
and 15 identified by a case number by the me of these numbers the clinical data concerning 
each patient may be located m Table U The symbols and numerals enclosed within the 
braclccts represent respectively the sex^ crown-heel length (m cm.) and weight (m kgm.) of 
the mfants and the weight (m kgm.) of the combined placentas for each patient. 


impure than that obtamed from the same patients 
during pregnancy In each instance it 'was neces- 
sary to punfy this product before precipitates 
possessing satisfactory melting pomts could be 
obtamed for weighing The results recorded m 
Figures 1 and 2 showed a fair degree of con 
Sidney among the 5 patients About 30 ragm of 
pr^nanediol, on the a'veragc were excreted durmg 
the 24 hours following dehvery Material of low 


melting pomt, averaging 7 to 10 mgm , was still 
recoverable on the Sth puerperal day, but it prob- 
ably contamed httle or no pregnanediol glucu- 
romdate. 

DISCUSSION 

The findings of the present study, like those of 
Venning Henry and Browne, which they confirm, 
support the conclusion that the urinary excretion 


TABLB n 


Clinical data 5 cauj of mnUtpU 


1 

Cam I 

number 

1 

At« 1 

1 

1 

CnvldA 

N^berof ' 

UMimaal benlth darlnf pnxnvUT 

iLienttml aae 
oi preffuncy 
ai tcmliiilloo 

Ketnie ot Urmtaatloo 

1 

22 

II 

2 

Premature Beparation of pUcenU at 16 weeks 

17 

Hysterotomy 

2 

20 

V 

2 

MaluutntKmal anenua and edema 

32 

Spontaneous labor 

3 

35 

XVI 

3 

Malnutritioual anemia and edema 

32 

I^uced labor 

4 

33 

III 

2 

Maluutriticmal anemia and edema 

SS 

Spcmtaoooua labor 

5 

36 

V 

2 

btaluutritlonal anemia and ddema 

' 39 

Spon taoeotia labor 
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of pregnanediol dunng normal pregnancy follows 
a characteristic course The daily level of excre- 
tion at any stated maturity of pregnancy in a 
normal patient does not appear to differ markedly 
from the mean daily norm of that penod for a 
group of patients of comparable body weight 
This appears to be true regardless of the size or 
number of ova in utero, though further data from 
multiple pregnanaes are desirable, since our de- 
terminations m this type of gestation are the only 
ones thus far recorded It must be noted that 
a majonty of women of the ^"climc’^ type who 
bear more than one fetus at a time suffer from 
mild malnutntional anemia and hypoprotememic 
edema dunng the late months of pregnancy All 
but one of our cases of multiple gestation exhibited 
this syndrome Until the effects of such a com- 
phcation upon the rate of pregnanediol excretion 
are investigated, the use for physiologic purposes 
of the results we have obtained must be tentative 
So far as our data suffice, they support the sug- 
gestion that the matunty of gestation is a more 
important factor m determining the levels and 
rates of pregnanediol excretion than is the mass 
or number of the fetuses and placentas m utero 

Our data show that the mean levels of excre- 
tion at term are no higher than those observed 
between the 30th and 32nd week Throughout 
the last 8 to 10 weeks the mimtnal values tend to 
be roughly constant, and are rarely lower than 60 
mgm of pregnanediol per day in normal cases 
Continued excretion of less than this amount dur- 
mg the last 10 weeks is therefore definitely ab- 
normal Diminished excretions of this character 
have been observed in the eclampsism ” of late 
pregnancy (6, 8, 10) 

The occurrence of the pre-labor drop m output 
of pregnanediol in all but one of our patients 
individual records suggests that it is a charac- 
tenstic feature of late pregnancy similar to the 
pre-labor changes m blood volume, body weight 
and m the concentration of certain metabolites of 
the blood stream A similar prepartal fall has 
been estabhshed for the unnary excretion of es- 
trogens (17, 18) In the case of the estrogens 
Marnan has furthermore noted that the fall is 
accompamed by a simultaneous drop m the ratio 
of conjugated estrogen Although the latter may 


not be a constant phenomenon,* its finding raises 
the question whether the pre-labor fall m output 
of pregnanediol glucuromdate mirrors a true fall 
m pregnanediol excretion or merely a drop in the 
proportion of the conjugated steroid The an- 
swer to this must await the further development 
of methods for the determination of the free 
steroid in unne 

If It be granted that the output of the glucu- 
romdate of pregnanediol reflects the total excre- 
tion of this steroid, companson of the curve of its 
excretion with that of the estrogens (18) sug- 
gests that the pre-labor peak is reached and passed 
before the occurrence of the similar peak in the 
curve of estrogen excretion The final prepartal 
fall IS therefore probably under way at a time 
when estrogen clearances are still nsing to their 
maximal gestational levels In so far as these 
shifts reflect similar shifts in the internal secre- 
tion of progesterone and the estrogens, they afford 
corroborative evidence of changes which have al- 
ready been postulated for this penod of pregnancy 
because of the nature of the biologic activity of 
these hormones, and of the particular role which 
each IS believed to play m the imtiation of labor 
(19) In this connection it is of interest that 
Murphy has regularly obtamed among partunent 
women at this pre-labor penod evidence of a 
gradual increase m utenne irntabihty and in the 
rate and strength of spontaneous utenne contrac- 
tions (20) 

Browne, Henry and Venning have noted the 
transient fluctuations which punctuate the nsing 
gestational curve of pregnanediol excretion (3), 
but have not ventured to read a defimte pattern 
or physiologic significance mto such fluctuations 
Our data clearly demonstrate that these fluctua- 
tions consist of cyclic monthly remissions, the last 
of which represents the pre-labor fall previously 
descnbed Browne and Venmng (21) have re- 
ported that a similar cyclic pattern charactenzes 
estrogen excretion in pregnancy Smith and 
Smith (11), moreover, have stated that such a 
pattern may also obtain for the gestational curve 
of pregnanediol excretion, though no expenmental 
data have so far been submitted 


* Personal communication of Dr J S L Browne. 
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SUMMARY AND CONCLUSIONS 
Tlic urinary excretion of sotUum prtfriiancdiol 
glucuroiUdatc was blmllcd by the inelbwl of Ven 
niiig in 6 casta of nonnal pregnancy at weekly 
mtcrvttla from (he 3rd month to full lenu, and 
thereafter at dally intervala for the first 5 days of 
the pucq)cnnm The results confinu the ge^icral 
findings of Venning, Henry and Browne concern 
mg the nonnal gestational ranges and levels of 
(he excretion of this compound but show, in ad 
dition, tliat the curve of its excretion Is clianc 
tenzed by cyclic monthly tlueluatlons and by a 
peak in output during the last month At the 
tune of labor the rate of excretion is falling 
Additional data from S cases of mnltipic preg 
nancy indicate lint the ranges and levels of cxcre 
tion m these eases arc not markedly dilTcrcnt from 
those of single fetus gestation, at least diinng the 
Inst half of gestation 

The fiiidings of this study suggest tint tJic rate 
of excretion of prcgnanenliol ghicnroiddatc during 
nonnal pregnancy is delennmed by the nntunty 
of gestation rather tlian by the size or number of 
fetuses or placentas m Micro 
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Most students of rheumatic fever agree that 
upper respiratory infections, espeaally those as- 
soaated with Group A beta hemolj^tic strepto- 
cocci, are often followed by a recurrence of rheu 
mabc symptoms Any measures which might 
tend to lessen the mcidence of upper respiratory 
mfcctions among rheumatic subjects are therefore 
worthy of study 

The occurrence of severe spontaneous mfcc- 
tions m animals on vitamin A deficient diets sug 
gested that this vitamin might play an important 
role m the resistance of mdividuals to upper 
respiratory mfcctions (1) Smee the character- 
istic lesion of vitamin A defiacncy is the degcu- 
eration of specialized epithelium it \vas thought 
that the mucous membranes might be pccuharly 
suscepbble m individuals whose diet \vas low m 
vitamin A. In spite of numerous studies (2), 
however, tJie value of an excess of vitaram A as 
a means of increasing resistance to upper respira 
tory mfcctions has not been established, and sev- 
eral observers conclude that there is no justifica 
tion for calling vitamm A the ^ anti mfecUve ’ 
vitamin (3) 

It seemed possible that the addition of several 
vitamins might be more effective m increasing the 
general resistance to infection than the addition 
of vitamm A alone. As far as we have been able 
to determine from a review of the htcrature, Stone 
(4) and her co authors arc the only workers who 
have tried the addition of several vitatmns- They 
studied the effect of adding concentrates of vita 
nuns A, B, and D to the diet of 11 college 
students for 3% months, from November 15th 
until March 1st, The exact dosage of each vita 
mm was not stated The students were selected 
because their general physical condition was poor 
and they were known to be very susceptible to 
colds These authors were of the opinion that 

^Thu work wa» aided by a grant from The Commoo 
■wealth Fund 


madcnce of upper respiratory mfcctions was re- 
duced during the period that the vitarams were 
given. It IS obvious however, that the number 
of individuals studied was too small to warrant 
drawing defimte conclusions 

Plan of study 

It was thought that the effect of the addition 
of an excess of vitamins to an average diet could 
be more accurately determined m an institution 
where the children were under constant medical 
supervision and where the inadence and types of 
upper respiratory infections were carefully studied 

PEOCEDURE 

One biiodred and eight rheumatic children, 66 girls and 
42 boys ranging in age from 7 to 14 years were admitted 
during the summer and fall months and remained in 
the institution from December 1st until the end of May 
Children with defimte histones of one or two attacks of 
polyarthntis or cardihs without severe cardiac damage 
were selected. Temperatarea and pulse rates were taken 
three times daily Leukocyte counts hcmoglobm deter 
mmations and sedimentation rates were done routinely 
every 3 to 4 weeks and more often when necessary 
Throat cultures to determine the presence of Group A 
beta hemolytic streptococci were taken every week. Ad 
ditional cultures were taken on two successive days if a 
child developed symptoms of any land. Antistreptolyslu 
Uteri were also determined at frequent intervals. 

The effect of the addition of vitamins A, B complex; 
C and D was studied during two successive winters. 

The 108 children were divided Into two groups, one 
group receiving the regular diet with the additioo of 
vitamms and the other group rcceivmg the regular diet 
without additional vitamms. The children m the two 
groups were matched as nearly as possible m regard to 
rheumatic history age, and general conditioo. 

During 1939 vitamins A, B complex, C and D * were 

* During 1939 vitamms A, D and B complex were do- 
nated by Lederle laboratoncs, Inc Oac-half of the vrta- 
min C was given by Chas, Pfizer & Sons (tablcted by 
Lederle Laboratones, Inc) and remainder by Merck & 
Ox, loc During 1940 the vitamms were obtamed at 
cost through the courtesy of Lederle Laboratories Inc 
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given daily for S months from January 1st until June 1st 
During the winter of 1939 to 1940, the same vitamins 
were given daily from December 1st, 1939 until May 1st, 
1940 The following dosage was used 


Vitamin 

Vitamm 

Vitamm 

Vitamin 


15,000 U S P umtsl 1 capsule daily, equiv- 
lalent to 24 cc cod hver 
1,870 U S P umtsj oil 

2.000 International umts 

1.000 International umts 
480 Bourqum-Sherman units 

40 “ Rat Day ” umts 
Filtrate (Factor (s)) — approximately 40 1 8 ca 
Growth units (Rat or Guck) [daily 

Nicotinic Aad or derivatives (pellagra 
curative) eqmvalent to 50 grams of 
whole hver 


D 

C 

B, 

B, 

B. 


RESULTS 

Winter of 1938 to 1939 

Beginning m February 1939 and continuing 
through May, 32 children developed upper re- 
spiratory infections assoaated with the presence 
of Group A beta hemolytic streptococcus of a 
single type, Type 4 Most of the children com- 
plained of sore throat and had temperatures of 
101® to 103® F for 2 or 3 days accompanied by 
elevated leukocyte counts Type 4 streptococa 
were isolated from throat cultures and were usu- 
ally present m large numbers The monthly m- 
adence of these infections and their distnbution 
among children on vitamms and among those 
serving as controls is presented m Table I 


TABLE I 


Sirepiococcus pharyngtiis 


Months 

Total ! 
number 
of casea 

Number of chlldrea i 
on vitamin* since 
January 1, 1939 

Controls 

February 

4 

3 


March 

17 

9 


April 

6 

5 


May 

5 

0 



32 

17 

15 


None of the 32 children developed rheumatic 
mamfestations following these upper respiratory 
mfections 

Weight The average gain in weight durmg 
the 5-month penod for the boys on yitamins and 
the boys serving as controls was the same The 
average gain in weight among the girls receivmg 
vitamins ^vas 1 5 pounds more than among the 
girls servmg as controls 


Winter of 1939 to 1940 

Dunng this year two types of upper respira- 
tory infections were prevalent among the chil- 
dren an outbreak of influenza ^ characterized 
by fever, malaise and a low leukocyte count , and 
a senes of sore throats accompanied by fever and 
elevated leukocyte counts Throat cultures from 
the influenza cases were umformly negative for 
beta hemolytic streptococa Throat cultures from 
the cases of pharyngitis m every instance showed 
Group A beta hemolytic streptococa of a single 
type. Type 27 

The monthly incidence of influenza and its dis- 
tnbution among children receivmg vitamms and 
those serving as controls is presented in Table II 


TABLE n 
Influenza 


Months 

] 

Total 
number 
of cases 

Number of children 
on vitamins since 
December 1 1939 

Controls 

February 

26 

15 

H 

March 

25 

11 

14 


51 

' 26 

25 


The monthly madence from January to May 
of the cases of streptococcus Type 27 pharyngitis 
and thar distnbution among children on vitamins 
and those servmg as controls is presented in Table 
III 


TABLE m 

Slreptocouus pharyngtits 


Months 

Total 
number 
of cases 

Number of children 
on vitamins since 
December 1 1939 

Controls 

January 

15 

6 

9 

February 

2 

1 

1 

March 

6 

4 

2 

Apnl 

1 

0 

1 


24 

I 11 

1 

13 


2 Dr Thomas Francis of New York Umversity Col- 
lege of Medicine was kind enough to examine material 
from several of these cases for the presence of influenza 
virus A stram of epidemic influenza virus was isolated 
Neutralization tests with acute and convalescent sera 
from 3 patients showed a nsc m antibody titer during 
convalescence* 
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Comparison of rheumatic actnnty in children re- 
cctvtng viiamtns and those serving 
as controls 

Of the 13 children (Table HI) who were not 
receiving vitamins and who contracted Type 27 
infections, only one developed a rheumatic re- 
currence following a latent penod 

Of the 11 children who were receiviDg vitamins 
and who contracted Type 27 infections, 3 devel- 
oped rheumatic recurrences following a latent pe 
no<L One of these 3 children had the Type 27 
pharyngitis on January 17 1940 when he liad been 
rcceiviDg vitamins for 53 days He developed 
rheumatic symptoms on February 9, 1940 after a 
latent period of 18 days The other 2 children 
developed pharyngitis assoaated with streptococ- 
cus Type 27 on March 25 and March 26 1940 
respectively when they had been receiving vita- 
mms for nearly 4 months The pharyngitis m 
these 2 girls was foUoued by rheumatic mamfes 
tations in 1 the latent penod was 22 days, and 
m the other 20 days The adimmstration of vita- 
mins in these 3 children was not interrupted at 
any tune. 

In view of the work of Rinehart and his co 
workers and of others (5) it is of mtercst that 
these 3 children developed rheumatic recurrences 
m spite of the adimmstration of large amounts of 
vitamin C for a considerable penod of time before 
the rheumatic mamfestations All 3 of these chil- 
dren had been here dunng two successive winters 
(1938 to 1939 and 1939 to 1940) and had re 
ceived vitamins for a 5-month penod dunng both 
years Since the number of children who were 
on vitamins and who developed rheumatic symp- 
toms was so small and smee no chemical studies 
were made to detemune how well the cevitamic 
aad was rctamed by these children, no conclusions 
m regard to the value of vntamm C m preventing 
the development of rheumatic fever can be drawn. 
However, our findmgs, limited as they are, are in 
accord with those of other workers (6) 

H^eight In contrast to the previous year, the 
average gam in weight of the boys receivmg vita- 
mins was slightly greater than of the boys servmg 
as controls On the other hand the gam in weight 
among the two groups of girls was the same 
Children rccavmg mstitutioiml care usually tend 


to gam and no definite improvement attnbutabic 
to the additional vitaimns was apparent 

DISCUSSION 

In previous studies to determme the value of 
one or more vitamins m reduemg the madence of 
upper respiratory mfechons the subjects in most 
instances have been ambulatory, and it was there- 
fore, difficult to be certam that the vitamins had 
actually been taken. In some of the reports the 
individuals who received the vitamins were se- 
lected because they were thought to be unusually 
susceptible to colds In cases where a reduction 
in the madence of upper respiratory mfections 
seemed related to the intake of increased amounts 
of vitamins it was usually based on the history 
given by the individual as to the number of colds 
he had had during the previous winter In some 
of the reports no studies of control groups were 
mcluded 

In this study a group of 108 rheumatic children 
ranging in age from 7 to 14 years was studied 
under constant conditions from December 1st un- 
til the end of May The children hved and went 
to school m the same building They had no 
contact with other children, and each child was 
only permitted two adult visitors every 6 weeks. 
The adrainistratioa of the vitamins was care 
fully supervised by the nursing staff The chil 
dreu m the control group and in the group re- 
ceiving vitamins were matched as closely as 
possible m regard to age, rheumatic history and 
general condition so as to be comparable. Twenty- 
one children 9 boys and 12 girls, who had re- 
ceived vitamins dunng 1939 and who rcraamed 
here dunng 1940, were given vitamins two years 
m succession. 

During each of the two winters of the study 
cases of pharyngitis associated with a single type 
of streptococcus (Type 4 m 1939 and Type 27 m 
1940) were prevalent The madence of these 
mfections in each of the yean among the children 
receivmg vitamins and those m the control group 
was essentially the same 

Dunng February and March 1940, 51 children 
had influenza, 26 of these children were receiving 
vitamms and 25 were in the control group 
There was no significant difference m weight 
gam between the two groups. 
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CONCLUSIONS 

1 No evidence ^vas obtained to suggest that the 
addition of large doses of vitamins A, B complex, 
C and D to an ordinary well-balanced diet reduces 
the madence of upper respiratory infections 

2 Three children who had received the addi- 
tional vitamins for a considerable penod of time 
developed rheumatic symptoms followmg an at- 
tack of streptococcus phar 3 mgitis 

3 Children on the regular diet without addi- 
tional vitamins and those on the regular diet with 
additional vitamins gained weight at approxi- 
mately the same rate, during the 5-month penod 
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Our understanding of the nature of the dis- 
ordered carbohydrate metaboham m Addisons 
disease has advanced httle smee the onginal dcra 
onstration by Forges m 1910 (1) of the frequent 
occurrence of hypoglycemic reactions and the 
studies of Eppinger, Falta and Rudingcr in which 
an increase m glucose tolerance ^va3 noted (2) 
Subsequently, ho%vevcr it was shown that patients 
wth Addison's disease developed marked symp- 
toms of hypoglycemia following the administra- 
tion of small doses of insulin (3) and failed to 
show a nsc of blood sugar as great as normal 
subjects foUoiving the injection of a standard dose 
of epmephnn (4) 

Recently Long Katzin and Fry (5) reported 
m detail their studies relatmg to the effect of 
adrenal cortical hormone on the carbohydrate 
metabolism of experimental animals From their 
own studies, as well as those of others these 
authors concluded that “tlie adnumstration of 
cortical extract apparently decreases the propor- 
tion of glucose oxidized while there is an m 
creased proportion deposited as hver glycogen. 
It is suggested that one of the properties of 
the cortical hormone is a stimulation of protem 
catabohsm and that the increased carbohydrate 
levels mtrogen and potassium excretion following 
Its mjection mto animals is an expression of this 
effect ’ 

A study of carbohydrate metabolism in im- 
treated patients with Addison's disease is difficult 
because of the poor chnical condition of these 
patients In the present study we have had the 
good fortune to be able to complete carefully con- 
trolled metabolic studies on a limited number of 
untreated patients and on a larger number of pa- 
tients who were maintained m good condition by 


iThU rtiidy wai aided by a grant from tbc Committee 
on Research m Endocrinology National Research Coun- 
al 


means of s)mthetic desoxy corticosterone acetate 
therapy * 

METHODS 

Before these studies were undertaken, normal subject* 
and patients with Addisons disease were maintained for 
a period of 1 to 2 weeks on a standard diet of adequate 
calonc mtake. The raOo of carbohydrate protem fat 
was kept constant In roost instances received 

50 grams of carbohydrate, L3 grami of protem anrt 
grams of fat per kgm, of body weight 

Hespiratory metaboltstn 

During a preliminary penod of 1 to 2 weeks both the 
normal subjects and paticnU were tramed for respiratory 
metabolic studies. Expired air was collected for lO-min- 
ute penods m a modified BaDy gasometer and samples 
were analyzed m duplicate for carbon dicoode and oxygen 
by means of a Haldane Henderson gas analyzer Differ 
ential derivation of calones was with the aid of 

Lusks table (6) In addition to determining the standard 
nictaboliini after a 15-hoar fast the reapiratory roctabo- 
Usm blood sugar (7) and urmaiy mtrogen (iCjeldahl) 
were determined throughout the day at 2 hour interval* 
during a total fasting penod of 22 hours. These dc- 
terrmnatKmi were repeated following the injection of 
adrenal corUcsd extract (Wilson, 50 cc.) * The respira- 
tory quotient blood sugar and urinary nitrogen excretion 
were determraed at hourly intervals following the intra 
venous administration of glucose before and after treat 
ment with adrenal corticaJ extract (50 cc.) desoxycorU 
costcrone acetate (30 mgm.) corheosterone (85 mgm.) » 
and 17 hydroxy ll-dehydnxxirticostcrooc (33 mgm.) 
(Kendall s Compound E) ■ 

Standard intravenous glucose tolerance test 

A test was adopted m which 0.5 gram of glucose per 
kgm, of body weight was injected rntravenously as a 20 

• The synthetic desoxycorticostcroDc acetate used m 
this study was provided through the courtesy of Doctor 
E. Oppcuhcmier of the (jba Fhannacetrtical Products, 
Inc., Summit, N J 

* The adrenal cortical extract used in this study was 
supplied by Doctor David Klein of the Wilson Company 
Chicago III 

*We are indebted to Doctor E. C Kendall of the 
Mayo Clmlc:, Rochester Minn., for the crystallmc cortico- 
sterone and 17 hydroxy ll-dchydrocorticosterooe (Com- 
pound E) 


John D Archbold, Fellow m Medicine. 
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per cent solution m distilled water The flow was ad- 
justed so that the infusion was completed m 30 minutes 
This rate of glucose administration (05 gram per kgm, 
per % hour) approximated the maximum rate of in- 
testmal absorption of glucose and hence provided an 
intravenous glucose test which was withm physiological 
limits Capillary blood for sug^ determinations was 
taken m the fasting state and at 30-minute intervals dur- 
ing a 4-hour period followmg the glucose infusion Unne 
specimens were collected at appropriate intervals and 
analyzed for sugar 

Oral glucose tolerance test 

A solution of glucose, 1 75 grams per kgm of body 
weight, was given Capillary blood for sugar deter- 
minations was taken during the fasting state and 30, 60, 
120 and 180 minutes after the ingestion of glucose, 

Epinephnn test 

Epmephnn, 0 007 mgnu per kgm of body weight, was 
injected subcutaneously The site of the injection was 
massaged vigorously for a period of 2 minutes Capil- 
lary blood for sugar determinations was taken dunng 
the fasting state and 15, 30, 60 and 90 minutes after the 
injection of epinephrim 

OBSERVATIONS 

Increased appetite for carbohydrate 

It IS of interest to note that many patients with 
Addison’s disease had formed the habit of sup- 
plementing their r^^ar diet with mtermediate 
nounshment of foods containing readily available 
carbohydrate (Patient E L , see protocol) In 
this respect there is a parallel to the increased 
appetite for salt and salty foods which has been 
noted chmcally by many observers, and confirmed 
experimentally by the studies of Richter and 
Eckert on adrenalectomized rats (8) 

Fasting blood glucose 

The fasting blood glucose level of untreated 
patients with Addison's disease was observed to 
be m the low-normal range in most instances In 
a group of 20 patients the average blood glucose 
value® (108 determinations) was observed to be 
80 mgm per 100 cc before treatment Prolonged 
treatment with desoxycorticosterone acetate did 
not affect the fasting blood glucose level smce the 
average value observed dunng treatment was also 

®A11 blood sugar values determined by the modified 
nucromethod of Folui and Malmros are arbitranly re- 
ferred to m this study as “ blood glucose values 


80 mgm per 100 cc (166 determinations) These 
observations confirm earlier studies (9, 10) 
Treatment with adrenal cortical extract (Wil- 
son, 4 to 10 cc daily, injected subcutaneously) 
was assoaated with an appreaable nse m the 
average fasting blood glucose level (Table I) 

TABLE I 

Effect of adrenal cortical hormone therapy on 
fasting blood glucose 

(Addison's disease) 


Faitlng blood ffluoose (m{rm, per 100 cc.) 



Befort 

trtifc- 

meat 

Detoxy | 
oortlcoa- 
terono 
McUto* 

Adrenal | 
cortical 1 
extract 
(injected) 

Adrenal 

oortioal 

extract 

(oral) 

Cortlooa- 

terone 

(In- 

ieoied) 

17 bydroxy- 
ll<debydr^ 
cortlooa- 
' terone 

1 (Injecttti) 



3-20 mgm. 
daily 

4-10 CO. 
daily 

8-12 00, 
daily 

85 mgm. 

33 mgm. 

5 patlentd I 

(Number of do- | 
temdiiAtioni) 

76 

(43) 

77 

(60) 

81 

(20) 

83 

(30) 



Fatiant E L. 

75 

75 

84 

99t 

1 

00 

05 

Eango 

(6S-S1) 

(72-SI) 


i 



* Includes values observed dunng treatment with either 
daily intramuscular injection of a solution of hormone m 
oil, or subcutaneously implanted pellets of crystalline 
desoxycorticosterone acetate 

t Massive dose, 50-70 cc , during a 24 hour penod 

The oral admimstration of larger quantities of 
adrenal cortical extract m glycerol solution (8 to 
12 cc daily, 1 cc representmg 50 grams of 
adrenal gland) was hkewise associated with a nse 
m the average value for fasting blood glucose 
Treatment with large quantities of adrenal corti- 
cal extract (Wilson, 20 to 50 cc daily, injected 
subcutaneously and intravenously), corticosterone 
(85 mgm) and 17-hydroxy-ll-dehydrocortico- 
sterone (33 mgm ) m oil, mjected intramuscularly 
m divided doses, was followed by a much greater 
elevation m fasting blood glucose level (Patient 
E L , Table I) 

The efficacy of treatment with adrenal cortical 
extract (50 to 70 cc ) m preventing the gradual 
fall in blood glucose during a prolonged fast is 
illustrated m Figure 1 The nse m blood glucose 
which reached its maximum 6 to 8 hours after 
injection of extract did not appear to be due to 
traces of epmephnn which may have been present 
m the extract, smce there was no immediate nse 
m blood glucose as might have been antiapated 
following an injection of epmephnn 
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Glucose 

f )cr 
OQ cc 


80 


Hours 


MB. 

•• treatment 


■— Adrenal CorticaJ 

Extract 

extract 

J 
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'I*** - 

" . , 

. 
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Fiq, L Eifect or Adionai. CoancAi. Extract on Blood Glucose Lsm. 
(PwjLOKCiD Fast) 


Oral glucose tolerance 

The stnkirig intolerance of patients with Addi- 
son's d i sease to the oral administration of glucose 
IS well known (11) Not infrequently an adrenal 
crisis has been preoepitated by this test* 

A comparison between the blood glucose values 
of 8 control subjects and 4 untreated patients with 
Addison's disease following the oral adraimstra 
tion of glucosct is sho^vn in Figure 2 The low- 
normal initial fastmg sugar level, the ' flat type " 
of glucose curve, and the striking hypoglycemia 
which \va 3 frequently noted 2 to 3 hours follow 
ing the admimstration of glucose are of particular 


significance m the response of patients with Ad- 
dison's disease At the tune of imtial cxamina 
tion approximately 75 per cent of a group of 
patients ivith Addison's disease were found 
have an abnormal oral glucose tolerance curve. 

The symptoms of pylorospasm which so fre 
quently followed the oral administration of glu- 
cose to these patients suggest that the apparent 
mcrease m glucose tolerance (flat type of curve) 
was m a large measure due to an abnormality m 
the intestinal absorption of glucose. This was 
confirmed by the normal height to which the blood 
glucose level rose following the intravenous ad- 
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Fig 3 Oral Glucose Tolerance Test The Effect of 
Desoxycorticostesone TstEA-niENT 


ministration of a standard dose of glucose (see 
Figure 5) 

Followng prolonged treatment (1 year or 
more) with desoxycorticosterone acetate, we ob- 
served a marked change m the oral glucose toler- 
ance curve m 4 patients (Figure 3), The dmi- 
cal condition of these patients was markedly 


improved at the time the second glucose curve 
was determined It would seem likely that the 
change m the glucose curve was due pnmanly to 
improved absorption of glucose from the intes- 
tinal tract and not to a marked or speafic elfect 
of desoxycorticosterone acetate on the internal 
metabolism of glucose, masmuch as desoxycortico- 



FiG 4 Intravenous Glucose Tolerance Test 
Norkal Subject 
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Fig. 5 Intuavihous Gtucoat TouatAifat Test ih Patients with Anoisoys Disease 


stcronc acetate therapy had no demonstrable effect 
on the blood glucose curve following the intra- 
venous adramistration of glucose- 

/ii/roT/enoju glucose tolerance 

In order to ehnunate the obvious disadvantages 
of glucose administered orally, we used a standard 
intravenous glucose tolerance test (sec methods) 
One consideration seemed essential, vi 2 , that the 
rate of glucose solution mtroduced mtravcnously 
should not exceed the maximum rate of mtcstinal 
absorpbon of glucose, if physiological studies were 
to be made. Expencncc now indicates that, under 
constant condibons, the blood glucose curve fol 
lowing the intravenous administration of 0 5 
gram of glucose per kgra- of body weight during 
a dO-minute penod is constant for a given mdi 
vidual (Figure 4) 

PattenU ivttfi Addisons disease frequently de 
veloped marked symptoms of hypoglycemia Z to 3 
hours after the admintstratwn of glucose infra 
venously (Table II) In some patients coma and 
vasomotor collapse occurred and additional glu- 


TAB1.B u 

IniravcffCtis iIucom toUranc* curve 


Pa 

3« 

A*)t 

rATiDm irrm ADotson % ooxasx 

Blood gloaice (hxw. Hr 100 

FuU 

la* 

SO 

mla 

uUs 

45 

mtw- 

nUs 

60 

nui 

90 

min. 

'dU* 

n£- 

tiiM 

150 

nle» 

nSo 

ole* 

240 

mfn 

SUS 

F H 

U 

21 

77 

210 

182 

165 

125 

86 

65 

50 

48* 

Y K, 

F 

50 

79 

225 


177 

120 

118 

84 

66 

59* 

3, W 

1 F 

55 

111 

426 

255 

171 

100 

T7 

69* 



J P 

M 

21 

79 

270 

202 

192 

163 

W 

75 

62* 


U B. 

F 

51 

78 

250 


155 

77 

56 

4S* 

61* 


O 0 

M 

45 

78 

241 

181 

140 

100 

74 

52 

50* 


B.L. 

F 

51 

76 

255 

l&J 

155 

103 

77 

61 

50* 


A.H 

M 

50 

«9 



140 

Hi 

71 

6t« 



Q Q 

, M 

, 02 

81 

241 
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• Hypoglycemic reaction. 
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Fig 8 Inteavenous Glucose Tolerance Test (Addison’s Disease) 


and more prolonged action of adrenal cortical 
hormone (4 to 24 hours) 

In one patient the response to epinephnn fol- 
lowing an overnight fast was observed m the 
untreated state and again after several days of 
treatment with adequate doses of adrenal cortical 
hormone (20 cc daily, mjected subcutaneously) 
Assoaated with treatment there was a small but 
definite increase m the height of the blood glucose 
curve, an increment of 27, 15, 11, 3 mgm, re- 
spectively, at 15, 30, 60 and 90 minutes follo\ving 
the subcutaneous mjection of epmephnn (see 
methods) 

Respojise to %'iisuhn 

Because of the profound reaction of patients 
with Addison’s disease to relatively small doses 
of insuhn, we did not study the action of this 
hormone m human subjects In bilaterally ad- 
renalectomized dogs (to be reported elsewhere), 
it ivas demonstrated that treatment (6 to 18 hours 
beforehand) with 50 to 80 cc of adre n al cortical 
extract completely prevented the severe and often 
fatal hypoglycemic reaction which followed the 
mtravenous injecbon of 025 umts of insulm per 
kgm Large quantities of desoxycorticosterone 
acetate (50 mgm or more) were ineffective m 
preventing convulsions Treatment with 17-hy- 
droxy-ll-dehydrocorticosterone, however, m a 
dose of 10 mgm , permitted the animal to survive 


the test without supplementary glucose therapy^ 
The hmited quantity of crystalline hormone avail- 
able did not permit an exact determination of 
eqmvalent quantities of adrenal cortical extract 
and crystallme 17-hydroxy-ll-dehydrocortico- 
sterone 

Standard metabolism 

The standard metabohsm of patients with Ad- 
dison’s disease has been considered to be defimtely 
lower than that of normal subjects The values, 
which were obtained m 15 untreated patients are 
given m Figure 9 In our expenence a basal 



Fig 9 Basal Metabouc Rate in IS Patients with 
Addison’s Disease (Untreated) 
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85 MG OEHYDROCORTICO- 

steron'e 

33 MG 


Fia 10, The Enrcr or Amenai. Cortical Hormone Treatment on Basal Mitabouc Rate 
(Addison^s Disease) 


metabolic rate lower than — 20 per cent is un- 
usual m patients wth Addison s disease uncom- 
plicated by thyroid or pituitary defiaency 

In a group of 7 patients, no sigmficant change 
m the average basal metabolic rate was noted fol- 
lowing continued treatment with dcsoxycortico- 
stcrone acetate. The average value before treat- 
ment was — 10 per cent ( 18 determinations) and 
during treatment — 12 per cent ( 10 determina- 
tions) However, treatment with corticosterone 
or 17 hydroiQ^-ll-deliydrocorticosterone was fol 
lowed by a significant nsc m the standard metab- 
ohsm of Patient E, L, (Figure 10) 

Sta\idard respiratory quotient 

A corapanson between the standard rcspiratoiy 
quotient of 6 normal subjects and 8 patients ivith 
Addison^s disease revealed no sigmficant differ- 
ence between the average of the two groups 
(Table III) However, if the values for 3 pa 
tients (S P , A, H and A, S ) who were ob- 
served to have no demonstrable abnormality m 
carbohydrate metabolism (see intravcnoua glucose 
tolerance tests. Tabic II) are excluded the aver 
age value for the group of patients with the 
" carbohydrate-defect ” is approxunately 0,90 
This value is sig^nificantly higher than the value 
for the group of control subjects 

Prolonged treatment with desoxycorticosteronc 
acetate (maintenance dose) had no effect on the 
standard respiratory quotient of 3 patients (EL, 
A, H , M B , Table IV) Treatment with large 


table ra 

SUtndard rtsptraiory quottsni 
(CoMUnt dietary regimen) 


AIXHtOM'B DORASS 


Fmtkat 

Sei 

A*e 

Wdsht 

Boplntanr qgorifnt 

EX 

F 

51 

kfm, 

48 1 

0 92 0 90 0i)3 0,91 0,85 0 87 

JP 

M 

21 

45 1 

0 90 0 92 

OiK) 0 90 

M B 

F 

31 

48 

0 88 0 86 0 86 0 87 

YE 

F 

39 

54 

090 

OO 

M 

43 

59 

0S2 

A,S 

M 

33 

57 

0 87 0 92 0 87 0 86 

SP 

M 

27 

70 

086 0 83 0 79 

AH 


20 

57 

0 85 0 86 0 83 0,84 

Weighted average 

1 0,88 


mmui. nnjscn 


FA, 

M 

21 

60 

0,89 

SA, 

M 1 

23 

81 1 

084 

R,L 

M 1 

28 

75 

0 82 0 32 0 80 

C D 

M 1 

26 

84 

0 85 0 86 

VH 

F 

30 

47 

0,87 

JJ3 

F 

37 

58 

0 88 0 86 

Weighted average 

|086 


quantities of adrenal cortical extract (20 to 70 
cc,) corticosterone (85 mgm ) or 17 hydroxy-ll- 
dehydrocorticostcrone (33 mgm ) was followed 
by a striking reduction m the standard respiratory 
quotient when treatment was instituted 12 to 18 
hours preceding the test (Patient E L Table 
IV) The reduction in standard respiratory quo- 
tient was accompamed by a nse m fasting blood 
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Fjc. 14 Addisom^s Disease. E. L. Calomc Chances Follo\vino IimuTiNOUS Glucose 


cratdy large dose of this compound (30 mgm,) 
was not assoaatcd with any change in the re- 
spiratory quotient Treatment with SO cc of 
adrenal cortical extract mjectcd 4 to 6 hours 
previous to the test, did not affect the imtial 
standard respiratory quotient but was assoaatcd 
with a marked change m the subsequent respira- 
tory quotient values (Figure 13, Patient EL) 
In another expenment (Figure 11) it was ob- 
served that treatment with 50 to 70 cc. of adrenal 
cortical extract dunng a 12- to 24-hour period 
preceding the test significantly affected the imbal 
respu^tory quotient Treatment with corticoster- 
one and with 17 hydreo^y 11-dehydrocorticoster- 
one (dissolved m od and mjected mtramuscularly 
dunng a 12-hour penod pnor to the standard m- 
travenous glucose tolerance test) was followed by 
a marked reduction m imtial standard respiratory 


quotient as weH as in the values foUowmg the 
intravenous glucose tolerance test (Figure 13) 
Differential denvation of calones (Lusk's ta- 
ble) mdicatcd that m the untreated state (Patient 
E. L. Figure 14) a high proportion of calones 
was denved from carbohydrate oxidation follow- 
ing the mtravenous administration of glucose, 
particularly dunng the second hour of the test 
Dunng the third hour of the test, m the untreated 
patient there was a sudden reduction m the pro- 
portion of calorics denved from carbohydrate 
(low R/Q) immediately preceding the onset of 
marked 83 nnptoms of hypoglycemia Treatment 
with dcsoxycortioisterone acetate had no effect on 
these changes. Treatment with adrenal cortical 
extract 17 hydroxy- 11 -dehydrocorbeosterone and 
corticosterone (m order of potency) was followed 
by a significant reduction m the proportion of 
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weakness and nervousness progressing rapidly to 
marked mental confusion The following data 
obtained at this time mdicated that the reaction 
was specifically related to a disturbance m carbo- 
hydrate metabolism and not to a loss of sodium, 
chlonde and water with subsequent dehydration 

1 No appreaable loss in body weight dunng 
the 3 days of the expenment 

2 Rapid recovery following intravenous glu- 
cose therapy without additional sodium chlonde or 
adrenal cortical hormone therapy 

3 Hypoglycemia (55 mgm ) was assoaated 
with a normal concentration of sodium and chlo- 
nde in the blood with evidence of only slight 
hemoconcentration serum sodium 140 m eq , chlo- 
nde 101 4 m eq , and potassium 61 m eq , per 
liter, carbon dioxide combining power 49 volumes 
per cent, non-protem mtrogen 27 mgm per 100 
cc The unne contained acetone bodies 4 + 

The slightly higher-than-normal serum potas- 
sium value may be of some sigmficance m asso- 
aation with the low blood glucose level (13) 

Thus TOthin a penod of 72 hours, dunng which 
he received a diet of adequate calonc content, and 
dunng a penod in which blood pressure, plasma 
volume and electrolyte balance were maintained by 
means of desoxycorticosterone acetate treatment, 
this patient developed a severe hypoglycemic re- 
action This study demonstrates the decreased 
glycogenesis which is assoaated with Addison’s 
disease, as well as the inabihty of desoxycortico- 
sterone acetate treatment to increase the forma- 
tion of glucose from non-carbohydrate sources 

Hypoglycemia precipitated by utterciirrent 
infections 

Acute respiratory mfections and gastro-ententis 
constitute the most frequent comphcations which 
preapitate hypoglycemia in patients wnth Addi- 
son’s disease If not recogmzed and treated this 
complication may result m a fatal outcome 

In the absence of complicabons, treatment with 
desoxycorticosterone acetate mamtamed a majonty 
of patients wth Addison’s disease (12) in good 
climcal condition Avithout supplementary treat- 
ment with specific carbohydrate-regulating factor 
The frequent ingestion of food provided an ade- 


quate supply of readily available carbohydrate 
However, when this source of supply was re- 
stncted (fasting, nausea, vomiting), or when the 
demand for carbohydrate was increased (fever, 
infection), the blood glucose level rapidly declined 
and severe hypoglycemic symptoms appeared de- 
spite adequate desoxycorticosterone acetate ther- 
apy The reasons for the rapid onset of hypo- 
glycemia m these patients appeared to be bvo-fold 
(a) oxidation of carbohydrate which rapidly de- 
pleted available stores, and (b) inability to form 
adequate quantities of carbohydrate from non- 
glucose sources 

At present the only form of speafic hormone 
therapy possessing carbohydrate-regulating factor 
which is available commeraally is adrenal cortical 
extract This must be used m large doses, 20 to 
50 cc daily, in the presence of severe infection 
In addition, it is desirable to provide carbohydrate 
by parenteral adrmnistration of glucose solutions, 
if patients are unable to take adequate quantities 
of fruit jiuce, lactose, gmgerale, etc , by mouth 

Lactic acid 

Because of the position of lactic acid as a transi- 
tion substance between protein and glycogen, and 
its importance m glucose oxidafaon, it seemed de- 
sirable to study its glycogenic action in patients 
with Addison’s disease and m adrenalectomized 
ammals 

In Patient O O treatment with lactic aad (18 
grams of racemic lactic aad adnumstered intrave- 
nously as the sodium salt dissolved m 1000 cc of 
water) failed to alleviate the symptoms of hypo- 
glycemia which were imbated by the standard 
intravenous glucose tolerance test Glucose ad- 
ministered intravenously 1 hour after the lactate 
solution had been started promptly corrected the 
hypoglycemia These observations on patients 
were confirmed by expenments on adrenalecto- 
mized dogs (14) m which d-lacbc acid adminis- 
tered intravenously failed to prevent the convul- 
sions mduced by insuhn, whereas treatment with 
glucose completely prevented signs of hypogly- 
cemia Direct evidence of the dimimshed ability 
of untreated adrenalectomized ammals to convert 
lacbc aad to glucose has also been obtained in 
phlorhizinized adrenalectomized rats (14) 
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Phystoiogtcal acitxniy of steroid compounds 
obtamed from the adrenal cortex 

To date numerous crystaUme compounds have 
been isolated from adrenal cortical extracts In 
the present study we have compared the effect of 
three of these compounds on carbohydrate metabo- 
lism m man Dcsoxycorticosterone, which ap- 
pears to be the most active adrenal cortical com- 
pound thus far isolated as measured by its ability 
to maintain tlie life of adrenalectomixed animals, 
IS very potent m electrolyte regulating property 
(9) It appeared from tins study Uiat desoxy- 
corhcostcrone treatment bad little, if any specific 
effect on carbohydrate metabolism m man Corti- 
costerone a compound similar to desoxycortico 
steronc, but with an additional hydroxyl group, 
probably at Cu had less electrolyte regulating 
property (15) than desoxycorticosterone, but it 
rvas much more potent m its carbohydrate-regu 
lating effect Seventeen hydroxy U-dehydrocorti- 
costcronc was more potent m carbohydrate regu 
lating property than either corticosterone or 
desoxycorticosterone, but appeared from amraal 
experiments to be much less effective than either 
of these compounds m r^ulating electrolyte bal 
ance and in mamtaining the life of adrenalec 
lomizcd animalb Thus oxygenation of desoxy 
corticosterone in positions 11 and 17 greatly 
increased carbohydrate regulating potency but at 
the same time greatly decreased electrolyte regu 
lating and hfe-maintaining properties- 

Potent adrenal cortical extracts appeared to 
contain appreaablc quantities of both electrolyte 
and carbohydrate regulating factors However 
m man relatively large quantities of extract must 
be given to demoostrate cither effect* Doctor E* 
C Kendall of the Mayo Clinic kmdly suppbed 
data regarding the approximate steroid content of 
Wilson s adrenal extract (50 cc* contains approxi- 
mately 3 mgm. corticosterone 3 tngm* dehydrocor- 
ticosteronc, 3 mgm. 17 hydroxy ll-dehydxocorti 
costcrone, 1 mgm 17 hydroxycorticosterone, as 
well as umdentified substances) Our experi- 
ments suggest that the carbohydrate-regulating 
potency of this extract (50 cc bemg as effective 
as 85 mgm of corticosterone or 33 mgm of 
17 hydroxy-l 1 -debydro corticosterone) is much 
greater than can be explained by its content of 
these two constituents 


DISOTSSION 

A comparison between the oral and intravenous 
glucose tolerance curves indicates thqt the so- 
called flat-curve foUowng orally administered 
glucose actually represents delayed or poor ab- 
sorption of glucose* Similar changes have been 
observed m a patient with idiopathic steatorrhea 
(non tropical sprue) It appears from these 
studies that a ‘fiat-curve following orally ad- 
mmistcrcd glucose is of little diagnostic agmfi- 
cance 

The striking hypoglycemia which occurs m 
many patients with Addisons disease following 
the standard intravenous glucose tolerance test is 
of great chmeal significance since it implies the 
existence of a marked disturbance m carbohydrate 
metabolism The test is of considerable aid in 
diagnosis, although it ts not specific Its greatest 
usefulness hes m the ease with which it permits 
a disturbance m carbohydrate metabolism to be 
detected The changes which were observed m 
patients following mtravenous glucose adrmms- 
tration were m many ways similar to the changes 
observed by Kendall et al (13) in adrcnalecto- 
mued dogs A comparison between intravenous 
glucose tolerance curves performed before and 
after specific hormone therapy mdicates that with 
adequate treatment there is a marked mcreasc in 
the threshold at which severe hypoglycemic symp- 
toms occur Thus the adequately treated patient 
wth Addison's disease and the normal subject 
frequently do not mamfest symptoms at a blood 
glucose level which may be assoaated with marked 
signs and symptoms of hypcglycenna in the un 
treated patient The exact mechanism for this 
difference m threshold is not known at present 
Its clinical significance, however, is apparent 

The increase m fasting blood glucose level which 
was observed following the administration of 
crystalline corticosterone and 17 hydroxy-1 1-de- 
hydrocorticDsterone precludes the inference that 
a nsc m blood glucose foUovang adrenal cortical 
hormone therapy is necessanly due to contaminat- 
ing substances vut cpmephnn 

The increased height to which the blood glucose 
level rose and the glycosuna which was observed 
following speafic hormone therapy m Patient 
E, L, (Figure 6) substantiate tlie studies of 
Lukens (16) and others regarding the nature of 
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the diabetes m patients with adrenal cortical hy- 
perfunction (tumor and hyperplasia) 

Preliminary studies on lactic aad metabolism 
indicate that the ability of patients with Addison's 
disease to form glucose from this substance is 
greatly impaired These studies have been con- 
firmed experimentally m phlorhizimzed rats and, 
in addition, it appears that the formation of glu- 
cose from pyruvate and from glycogemc ammo 
acids is also impaired (14) Treatment with po- 
tent adrenal cortical hormone restores to normal 
the capaaty of these animals to form glucose 
from lactic aad, pyruvate and glycogenic amino 
acids 

It is suggested that in adrenal cortical msuffi- 
aency carbohydrate oxidation is adequate, al- 
though the ability to form glucose and glycogen 
from intermediate products of carbohydrate and 
protein metabohsm is impaired As a result, the 
glycogen depots m the body are soon exhausted, 
and ingested preformed carbohydrate is reqmred 
to maintain the blood glucose level and to provide 
a readily available source of energy Hormone 
therapy mcreases the abihty of the body to form 
glucose and glycogen from the intermediate prod- 
ucts of both carbohydrate and protein metabolism 
and apparently increases the proportion of calories 
derived from protein and fat 

SUMMARY 

Some or all of the following abnormahties in 
carbohydrate metabohsm were observed m a large 
proportion of patients with Addison's disease 

1 A low-normal fasting blood glucose level 

2 Striking h 3 q) 0 glycemia 

(a) Followmg the oral or intravenous ad- 
mimstration of glucose 

(h) Following a 24-hour fast 

(c) Dunng fever or infections 

(d) On a diet high in fat and low in car- 

bohydrate 

3 Decreased threshold at which hypoglycemic 
symptoms appeared 

4 Flat type of oral glucose tolerance curve 

5 Absence of ‘‘rebound" m blood glucose 
curve following the admimstration of mtravenous 
glucose 

6 Decreased glycemic response to epmephnn 


7 High standard respiratory quotient 

8 Increase over normal in respiratory quotient 
following glucose admimstration 

9 Low-normal basal metabolic rate 

With the exception of its effect on the oral 
glucose tolerance curve, the abnormalities m car- 
bohydrate metabohsm were not significantly al- 
tered by desoxycorticosterone acetate (Ciba) ther- 
apy Treatment with large quantities of adrenal 
cortical extract (Wilson, 50 cc), 17-hydroxy-ll- 
dehydrocorticosterone (Compound E, Kendall, 33 
mgm), and corticosterone (85 mgm ), in order 
of potency, was observed to 

(a) Increase the fasting blood glucose level 

(Z?) Decrease the standard respiratory quotient 

(c) Increase the blood glucose level and renal 
excretion of mtrogen and decrease the respiratory 
quotient following the standard intravenous glu- 
cose tolerance test 

(d) Increase the threshold at which hypogly- 
cemic symptoms appeared 

(^) Increase the basal metabohc rate 

Treatment with adrenal cortical extract was also 
observed to 

(a) Increase the glycemic response to epmeph- 
nn 

(&) Increase the fasting blood glucose level 
dunng fever and infections 

These expenments suggest that the adrenal 
cortical hormone has a direct action on carbohy- 
drate metabohsm in man, and are m agreement 
with the ammal expenments reported by Long, 
Katzin and Fry (5) Our experimental data sug- 
gest that the adrenal cortical hormone increases 
the abihty of the organism to form glucose and 
glycogen from intermediate products of both car- 
bohydrate and protein metabohsm and in this 
manner regulates the utihzation of carbohydrate 

CONCLUSION 

A high proportion of untreated patients with 
Addison's disease was observed to have a dis- 
turbed carbohydrate metabolism This defect 
could be most readily demonstrated by the appli- 
cation of a standard mtravenous glucose tolerance 
test The abnormahty in carbohydrate metabo- 
hsm appeared to be speafic since it persisted de- 
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Spite the correction of tlie disturbance m electro 
lytc balance, plasnm volume and blood pressure by 
means of desoxycorticostcrone acetate therapy 
Treatment with large quantities of adrenal cor- 
tical extract, 17 hydroxy ll-dehydrocorticosterone 
(Compound E) and corticosterone in order of 
potency, corrected the abnormal carbohydrate 
metabolism 

PROTOCOL 

H, L, {Number 19S3S6) a 51 year-old tmglc bualncsj 
wonMm, v,iis admitted to The Johns Hopkins Hospital 
on March 3 19*40, complaining of “weakness and sick 
stomach” for 6 months She had first noUced loss of 
strength and waght m 1935 and since then had been trou 
bled with spells of nausea. In November 1938 she had 
had on attack of bilateral bronchopneumonia nccessitat 
mg boipitalf ration for 18 days. Since then she had neser 
recovered her strength. While m the hospital a nurse had 
commented on the darkness of her sldn and she bcrjclf 
had noted increasing pigmentation of the gums nipples, 
abdomen and hands. She also had experienced spells of 
hunger associated with nervousness and sweating which 
were relieved by food and she had developed the habit of 
eating fnut or milk between breakfast and lunch. On 
o cc a s i on s it was necessary for her to stop on her way 
home from work late m the afternoon for a sandwich 
because of extreme hunger 

Her father had suffered from chronic bronchitis and 
bad had an arrested pulmonary tuberculous Icsioo. She 
bad had malaria m 1901 a partial thyroidectomy In 1914 
and typhoid fever m 1919 In 1932 she had had an 
appendix drained and a subsequent repair of the mcuion. 
A cyst had been removed from the left breast m 1934 
During the past two >cart her menstrual periods had 
become irregular 

PbjMico/ fxanimotujn on admission March 3 1940 re 
vealed an undcmounihed middle-aged woman who ap- 
peared chronically lU Her temperature was 99* F., pulse 
rate 92 per minute, respirations 20 per minute and blood 
pressure 86/70 mm. Hg There was generalised dark 
brown pigmentation of the jkm, most marked over the 
elbows hands, knees and in the axillary folds. There 
were many small black freckles and the areolae were 
almost black in color There was pigmentation of the 
gums and external genitalia. Some tortuosity of the 
retinal xrtencs was noted. The tonsils were smalt 
There was a imaU amount of thyroid tissue palpable. 
The lungs were clear The pulses were of poor volume. 
The heart was small and the sounds distant. The second 
P*^bnonic sound was reduplicated and louder than the 
second sound. There ivere no cardiac murmurs. 
No abdominal organs or masses were felt Pelvic and 
rectal examination revealed no abnormality The neuro- 
logical examination was nonnat 

The euenttal laboratory data were as follows 

Hempglobm 80 per cent (12 grams) red blood cells 3 7 
m ill ion, hematocrit 33 per cent cells, white blood cells 


6,000 with polyraorphomidears 58 per cent, eosmophiles 

4 per cent, monocytes 3 per cent and lymphocytes 35 per 
cent, the sedimcnUtion rate 29 mm. m one hour, cor 
rcctcd. The blood Waiscnnaira was negative. The 
blood non protem nitrogen was 32 mgm. per 100 cc. and 
the blood glucose 72 mgm. per 100 cc. On adxmsslon she 
was grven intravenous hypertomc sodium chionde. The 
following mommg the serum carbon dioxide combining 
power was 52L2 volume per cent Chionde was 1092 
irneq per liter sodium 139 m.cq per liter and potassium 

5 1 m,eq per liter of serum. 

The unne was found to have a specific gravity of 
IJllO and no albumin or sugar There were no formed 
elements. Cultures were negative for add fast bacQU. 
A pbcQoIsnlfonphthalein test showed a dye excreUon of 
48 per cent m 2 hours. 

X rays revealed fibroid infiltration at the left apex, no 
adrenal caloficabon and a normal scUa turdca. The 
basal nictabobc rate was minus 15 per cent Gbstrlc 
analysis showed no free hydrochlonc aad imtil after 
histamine when it rose to 40 The electrocardiogram 
was normal. Venous pressure was 95 mm. of water 
Circulation tune with sodium cyanide was 18 seconds 
and with paraldehyde was 8 seconds. Tuberculin tests 
were negative at a dilubon of 1 to 100,000 and 1 to 
10 000 Carbohydrate studies are recorded m the text 

Course During the first month m hospital this patient 
was mamtalned on lupplcmcntary sodium chionde thcr 
apy by mouth (10 grams) and frequent Intravenous in 
fusions of sodium chloride and glucose solution. On this 
regimen she was unable to be up and about for more 
th^ very brief periods. Her appetite was poor her 
blood pressnre 88/50 mm. of Hg and her weight 440 
kgm. During her course of hospltaluatioa she had one 
rather severe episode of vomitmg and diarrhea, and m 
addition an urinary tract mfccbcin. During these penods 
she was given d^xycortKOsterone acetate and adrenal 
cortical extract With the lubiidcncc of the infection 
the patent was started on a regimen of 5 grams of 
added sodium clilondc by mouth and a single daily mtra 
muscular injection of 4 mgm. of Pcrcortcn (dcsoxy 
corticosterone acetate m oil) On this regimen her 
strength unproved, she gamed 4 kgm. m wdght and her 
blood pressure increased to a level of 130/85 mm. of Hg. 
On June 23 1940, 8 pellets of ciystallme desoxycortico- 
stcrone acetate (125 mgm. each) were implanted m the 
subcutaneous tissues of the left mfrascapular region. 
The dafly injeeboas of Pcrcortcn were discontmned. 
The added sodium chionde therapy (5 grams daily) was 
mamtained and the patent was discharged. 

The authors wish to acknmvlcdgc the cooperation and 
assistance of Doctor Carlos Delbuc and Miss Mildred 
Caldwell and the technical assistance of Mr Harry 
Eiscnbcrg 
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Interest m the djstnbution of choline esterase 
activity betueen the cells and plasma dates back a 
dozen years or more but relati>cly httle rnvesti 
gation has been earned out In 1928 Galehr and 
Phttner (1), using a biological assay method, 
found that there n*as more choline esterase activ- 
ity m human blood cells than m scrum and their 
finding was confirmed by Alatthes (2) m 1930 
The esterase activity of whole blood, heraolyzed 
blood and serum of man and other speaes was 
studied by Ammon and Voss (3) Human blood, 
whole or hemolyzcd w*as found to be more active 
than scrum, and dog blood less active than serum* 
The distnbubon of esterase activity between blood 
cells and serum of defibnnated blood was studied 
by Stedman and Stedman (4) in normal persons 
and in a number of speacs of ammals, and by 
Stedman and Russell (5) m twelve myasthema 
gravis patients and a group of muscular, neuro 
muscular and p^chopathic cases Th^r found 
marked speaes differences both as to choUne 
esterase activity and as to distribution of activity 
brtween plasma and cells In the normal human 
they found that the celb have consistently more 
activity than the plasma* Their myasthenia gravis 
patients showed a decrease m plasma esterase and 
an esterase value for cells approximating the nor- 
mal values In the myopathic and psychopathic 
group they found a general lowcnng of plasma 
esterase and a vanety of disturbances of the es- 
terase distribution* 

That the activity of the formed elements of 
the blood resides chiefly in the red cells is gener- 
^y accepted* Ginsberg et al (6) found that 
^vashed pus cells showed no esterase activity In 
April, 1940, AUes and Hawes reported quahtativc 
differences between the choline esterase of blood 
cells and of plasma m their behavior toward dif- 
ferent substrates and toward different coucentra- 
hons of the same substrate. Further reference to 
this work will be made m the discussion* 


Information concerning the esterase activity m 
anemias is very meager Antopol gt al (7) list 
a case of secondary anemia and one of acute 
hemolytic anemia in a senes of cases of jaundice 
and Uver disease in which there was a general 
lowcnng of serum esterase, Milhorat (8) re- 
ports values for a long hst of vaned chmeal con- 
diUons Among them arc a case of pnmary 
anemia and one of acute myeloid leukemia* The 
degree of anemia is not stated for cither case. 
The pnmary anemia showed a normal esterase 
activity m the serum the leukemia, a markedly 
lowered value. He states that no correlation was 
found with red cell count or hemoglobm m this 
senes 

As a tentative investigation prehmmaiy to the 
present study determinations were made on the 
esterase activity of two dogs m the laboratory of 
the Pathology Department, through the courtesy 
of Dr Sidney Madden and Mr Albert Rowe. 
These dogs were made anemic by repeated phle- 
botomy In the normal penod the dogs were 
found to have an appreciably higher esterase ac- 
tivity m the plasma than in the whole blood 
This IS in accord with the results of Ammon and 
Voss (3) and with unpublished results of Dr 
Fenn in this laboratory As the hematoent fell, 
a lowering of the plasma esterase was observed* 
A shght fall in the whole blood esterase occurred, 
but the calculated value for blood cells showed a 
marked nse. On this lead it was deaded to 
investigate the esterase activity of the cells and 
plasma of patients with anemias of various etiolo- 
gies 

METHOD 

McajumncQt was made of the rate of production of 
accUc acid from an excess of acetyl cholme substrate by 
the enzyme present m a measured amount of plasma or 
whole blood, A contumous Utratioo method ivas used 
gttnflar to GUck’i modificatioo (9) of the method of 
Stedman, Stedman and Easson (10) and sunlUr to the 
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method of Alles and Hawes (11) Blood and plasma 
were measured m a capillary pipette calibrated to hold 
0^02 cc. This amount was dchvered mto 95 cc of 
disblled water in a 100 cc. beaker, and the pipette was 
washed back seven times with this water The beaker 
was then placed m a water bath, the temperature of 
which was kept between 24 and 26® C and as near as 
possible to 25® C The temperature of the experimental 
solution was read at mtervals by means of a thermocouple 
and galvanometer Into the solution also dipped the end 
of a microburette, a glass electrode, a glass stirnng rod 
with propeller, run by a special telechron motor at 300 
r p m , and a short agar-sahne bridge to a small vessel 
also immersed m the bath, and contaimng 0 85 per cent 
NaCl solution and the calomel electrode. The electrodes 
were led off to a Beckman pH meter by shielded leads 
The water bath and electrodes were further shielded by 
a sheet metal cage with wire door, which also offered 
some protection from temperature changes 

The salt bridge was necessary because esterase activity 
IS affected by K ions (12) It was found by checking 
with a standard buffer solution that the salt bridge made 
the solution read 0 15 pH more aad than its true pH, 
m the neighborhood of pH 7 50 This difference was 
found to be constant, and the meter was just as steady 
with the bndge as without it A reading of 7 50 was 
used as the end-pomt m these titrations, so the true pH 
was 7 65 This was also checked by comparison with 
mdicators 

After reachmg temperature eqmlibnum, the solution 
contammg esterase was brought to approximately pH 7 6 
(as read on the meter) with dilute NaOH , 1 0 cc. of a 
1 per cent solution of acetyl cholme chloride (Hoffmann- 
LaRoche) m M/750 phosphate buffer was added, and 
enough water to brmg the volume to 100 cc. The indi- 
cator dial of the meter was kept set at 7 50 The time 
when the alkahnized solution crossed the 7 50 mark was 
clocked with a stop-watch Then standardized NaOH 
approximately 002 N was run in from the microburette 
to mamtain the solution between pH 7 48 and 7 52 as 
read on the meter At the end of approximately fifteen 
minutes the solution was made more alkahne, about pH 
7 55, and the time agam clocked when the needle passed 
pH 7 50 The rate of hydrolysis was found to be con- 
stant over a period of one hour m prelunmary experi- 
ments All determinations were done m duphcate. 

Temperature corrections were made from a cahbration 
curve determmed experimentally The corrections were 
never m excess of 1 per cent of the normal rates and 5 
per cent for the very low rates This arrangement was 
considered satisfactory smce the changes reported are 
large The difficulty of putting a thermostatted water 
bath m the cage has made it unpracticable to mtroduce 
this feature for the present. 

Blanks were run on normal and abnormal blood or 
plasma and buffer, and on acetyl chohne with its buffer, 
and each proved to have a small rate of aadification (the 
acetyl cholme solution shghtly greater than the enzyme 
preparation) amounting to 1 to 2 per cent of the rate 
usually observed for enz>mie-substrate preparations 


Smce correction would tend to accentuate rather than 
dimmish the contrasts which are bemg reported, the 
figures have not been corrected for this small error 

Blood samples were taken from patients in the hospital 
and clmic, and from staff members of both sexes and 
vanous ages for controls No attempt was made to take 
all blood samples at the same time of day, as many of 
the patients were acutely ill and were treated or trans- 
fused very soon after admission, and others were seen 
in the dimes at various times of day This is probably 
of no sigmficance, as it has been sho^vn that no diurnal 
or prandial cyde is demonstrable (13, 14, 15) Ten cc. 
of venous blood was taken mto two oxalate bottles 
Plasma and whole blood for esterase determinations were 
preserved with thymol, which was shown m preliminary 
experiments to be without effect on the esterase rate, and 
placed m the icebox. All samples were run withm forty- 
eight hours, and the observation of others (11, 13, 16) 
that preservation for several days does not alter the 
esterase activity has been confirmed, Hematoent deter- 
mmations and red cell counts were made m the usual 
way Hemoglobm ^vas determined with a Sahli hemo- 
globmoraeter Reticulocytes were counted after staining 
wet preparations with bnlliant cresyl blue 

CALCULATIONS AND DESIGNATIONS 

Esterase activity is expressed as cc. of 001 N NaOH 
required to neutralize the acetic aad formed from acetyl 
cholme per mmute per cc of blood, plasma or cells at 
pH 7 65 and temperature 25® C This value is given the 
designation E The cell E as measured was, on the 
average, slightly lower than the calculated cell E, and 
the standard deviation of a number of determinations on 
a smgle sample was somewhat greater The results of 
AUcs and Hawes, which were published after the work 
reported here was finished, indicate that this may be due 
to the lower NaCl content of the cell preparations The 
whole blood and plasma values are probably more valid 
than the measured cell values, so the latter have been 
discarded and only the calculated values used 

Activity of the cells is referred to as cell E when ac- 
tivity per cc. of cells is meant Smce the mean corpuscu- 
lar volumes (MC V ) vary considerably under conditions 
of anemia and reticulocyte response, it was found con- 
venient to express a ‘‘mean corpuscular esterase," desig- 
nated MCE This value was found by multiplying the 
cell E by the M C V m cc. (or the M C V in cu micra 
as used clinically X 10““) For convenience this value 
is expressed multiplied by 10“ 

STATISTICAL TREATMENT 

The mean values for six normal persons are 
given m Table I No other value was regarded 
as significantly different from the normal unless 
this was indicated by the t test*^ of Fisher (17) 
with a probability of at least 98 per cent 

The heterogeneity of the group m regard to 
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TABLE I 

Choittut tiUrcse of vhoU blood, pUuma and blood ulls of paiunis tnii anemta and of normal persons 


Cttt 

Bcmbcr 

CoodlUon 

Reil btood 
ctU* 

Henuto* 

crit 

Retioilo- 

cjrtei 

Hemo- 

lloUn 

C.hoHn* etUfBM ACthrUy* 

WhoU 

blood 

Pluma 


ILCLE-t 

xio» 



mOJUmi 

tfr 

ptresmi 

trtmt 





1 

Hemorrhage 

22 

19 8 

68 

6 1 

0,264 

0102 

0 919 

0823 

2 

Hemorrhage 

20 

19 6 

\23 

63 

0,264 

0 100 

0 944 

0 901 

3 

Leukemia 

IJ 

13 7 

03 

40 

0 190 

0 099 

0 809 

0823 

4 

Leukemia 

1 8 

16 1 

03 

46 

0 216 

0112 

0 794 

0 695 

5 

Hodglon • 

20 

203 

03 

70 

0 184 

0 079 

0 603 

0 603 

6 

Eryohroblaitic onemja 

1 6 

i53 

250 

2,5 

0 184 

0 106 

0 691 


7 

Macrocytic anemia 

2J 

24 7 

4,4 

60 

0,225 

0 081 

0 663 

0 723 

8 

Plummer Vinson lyndrome 

5 1 

34 8 

13 

7,2 

0312 

0 148 

0 693 

0 473 

9 

hlicTocytic anemia 

46 

323 


1 16 6 

0J98 

0 177 

0 867 

0 613 

to 

Polycythemia vera 

5 8 

345 


1 ISO 

0J24 

0 171 

0,615 

0569 

11 

Treated pernicious anemia 

44 

45 2 


13,3 

0J9I 

0,224 

0J93 

0 610 

12 

Treated pcrniaou* anemia 

5 0 

40 


U3 

0JS4 

0 165 

0391 

0521 


Normal 

5 7 

50 0 


15 0 

0 407 

1 0153 

0 660 

0577 


Normal 

5 7 

42 3 


14 8 

0,343 

0175 

1 0,577 

0 430 


Normal 

4 1 

36 1 


13 0 

0J19 

, 0183 

0J82 

0 494 


Normal 

52 

444 


14,3 

0,341 

0188 

' 0532 

0 452 


Normal 

49 

402 


13 9 

0333 

1 0 219 

1 0 496 

0 422 


Normal | 

5 7 

45,3 


14 8 

0 273 

1 0139 

1 0 437 

0571 

Aver; 

jge of normal* ^ 

1 




0J36 

1 0 176 

0547 

0484 


* OjoHdc c»tcra 5 c activity (E) Is expressed ai cc of 0 0 IN NaOH required to neutr^ i^e acetic acid formed from 
acetyl cboline per minute per cc, of blood plaaraa or cell* at pH 7 65 and temp^t^ W ,« 

t M CE. ^e cstcrawactivity per ceu) i» found by multi plymy the cell £ by the M CV m cc This value i* 
expressed multiplied by 10** 


age, 5 CX and nutrition is not considered to be of 
importance since it has been found tliat esterase 
activity of the blood is not affected by age, sex, 
■weight, menstruation pregnancy, exercise, diet 
(13), or by fasting (3, 13) 

RESULTS 

A group of fifteen cases and six normals "was 
studied Nine cases of anemia other than Addi 
soman permaous anemia, one case of polycythemia 
■veta, two cases of adequately treated pernicious 
anemia, and three cases of severe, practically un 
treated permaous anemia which were followed 
through t reatm ent to partial or complete restora 
tion of the blood picture to normal 

Plas^Tia esterase The values for plasma E were 
m accord with those reported by others who have 
found low esterase in serum of patients who were 
debihtated or comatose from a variety of causes 
(3, 7) All of tlie cases with markedly low he 
niatocnt and red count showed low plasma es 
tcrase activity One case of idiopathic hypo- 
chromic anemia with Plumrner- Vinson syndrome 
showed a normal plasma esterase, although she 


had only 72 grams of hemoglobin, with a red 
count of 5,100 000 and a hematoent of 34,8 per 
cent A microcytic secondary anemia with normal 
red count and lowered hematoent showed normal 
esterase values throughout The adequately 
treated permaous anemia patients had normal or 
sbghtly high plasma esterase values It may be 
noted that the patient (Case 11) with a sbghtly 
high plasma value had marked, long standing com- 
bmed system disease. No correlation was ob- 
served between the degree of lo\vcnng of the 
plasma esterase and the seventy of the anemia 
or degree of debditahon but the absence of cor- 
relation IS probably not significant because there 
was an inadequate number of cases and not 
enough of moderate seventy Only one per- 
maous anemia patient could be followed through 
to complete rcstoiation of the blood picture to 
normaL His plasma esterase gradually rose, to 
attain a normal value when he was seen m dime 
with a hematoent of 466 per cent and a red 
count of 4 540, OCX) 

IVhols blood esterase All of the paticnU with 
markedly lowered hematoent and red cdl count 
showed significantly lowered whole bIcA 
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activity, and this was m a general way related to 
the state of debilitation of the patient Since the 
whole blood values represent a combination of 
plasma and cell esterase, discussion of the cell 
esterase values will be preferable to discussion of 
the whole blood values 

Cell esterase and mean corpuscular esterase 
There appears to be an increase of the cell E and 
MCE m anemias if the bone marrow is not 
pathological This was best observed in two cases 
of acute hemorrhage from peptic ulcer (Cases 1 
and 2), both having the cell E approximately 170 
per cent of the mean normal value, and the MCE 
170 per cent and 190 per cent, respectively, of 
the mean normal value Two cases of leukemia 
also had high esterase m the cells, one chrome 
lymphoid leukemia (Case 3) and one chronic 
myeloid leukemia (Case 4) These patients both 
had severe anemia of long standmg without any 
reticulocyte response at the time they were ex- 
amined Both showed cell E approximately 150 
per cent of the mean normal value The marrow 
of both was presumably infiltrated with leukemic 
cells, and hence not really free of pathology, but 
insofar as the marrow was able to withstand the 
mechanical interference, its functiomng probably 
approximated the physiological 

A macrocytic anemia of undetermined etiology 
(Case 7), not respondmg to liver therapy, showed 
a normal cell B with a sigmficantly high MCE 
A monbund child vnth erythroblastic anemia 
(Cooley's) showed a moderate but statistically 
significant nse in cell E Due to the extreme 
heterogeneity of the cells, it seemed meamngless 
to compute an M C E for this case A mon- 
bund yoimg woman (Case 5), diagnosed chmcally 
as aplastic anemia and found at autopsy to be a 
case of Hodgkin’s disease with extensive inva- 
sion of the marrow, showed a low plasma E and 
a normal cell E and MCE A case of idiopathic 
microcytic h3T)ochromic anemia (Case 8) had an 
elevated cell E but a normal MCE A case of 
microcytic anemia secondary to long-standing 
rheumatic infection (Case 9) had normal plasma 
and whole blood E, but markedly elevated cell E 
and slightly elevated MCE A case of poly- 
cythemia vera (Case 10) with normal red count 
mamtained by repeated phlebotomy had normal 
values throughout Unfortunately, no case of 
untreated polycythemia vera was available for 


companson Of the two adequately treated per- 
maous anemias, one had normal values through- 
out, the other had a normal cell B and a significant 
elevation of the M C E 

The values for all of these cases are given in 
Table I, and the relevant clinical data imme- 
diately foUow 

Case 1, Number 81157,^ was a fifty-eight year old 
Itaban man, with an ulcer history of fifteen years* dura- 
tion, but with no acute episodes smee 1938 Diagnosis 
was acute hemorrhage from peptic ulcer The response 
to transfusion, iron therapy and smooth diet was satis- 
factory 

Laboratory data Erythrocytes 2,200,000 Hcraoglobm 
6 1 grams Leukocytes 7,100 with normal differential and 
smear Hematocrit 198 per cent Keticufocytes 68 per 
cent Urme 1 + albumin. Stool tarry, 4 + guaiac, many 
red and white blood cells Blood Wasserraann negative 

Case 2, Number 159958,^ was a seventy-five year old 
American white man, first seen m 1939, when diagnosis 
was acute alcoholism and posterolateral sclerosis On 
present admission the patient was brought m by the 
police, having lost consaousness and fallen. There had 
been incontmence but no convulsions There ^vas a his- 
tory of anorexia during the past few weeks, but tarry 
stools and vomiting were denied. Admission diagnosis 
^vas acute hemorrhage from peptic ulcer, and postero- 
lateral sclerosis Response to transfusion, iron therapy 
and smooth diet was satisfactory 

Laboratory data Erythrocytes 2,050,000 Hemoglobin 
6 3 grams Leukocytes 9,800 with normal differential 
and smear Hematocrit 19 6 per cent Reticulocytes 12 3 
per cent Urine negative. Stool tarry, 4 + guaiac, many 
red and white blood cells Blood Wassermann negative. 

Case 3, Number 157791,^ a Pohsh-Araencan man of 
fifty-seven, was admitted with complaint of progressive 
weakness, palpitation and dyspnea. Diagnosis was 
chronic lymphoid leukemia and secondary anemia 

Laboratory data Erythrocytes 1,330,000 Hemoglobin 
4 0 grams Leukocytes 38,000 with 98 per cent lympho- 
cytes Smear achromia, anisocytosis and poikiloC 3 dosis 
Hematocrit 13 7 per cent Reticulocytes 0.2 per cent 
Unne and stool negative. Blood Wassermann negaUve. 
Sternal biopsy mfiltration of the marrow with lymphoid 
cells 

Case 4, Number 53588/ an American white woman of 
fifty-eight had a long history m this hospital and dime, 
with diagnosis of chronic myeloid leukemia When seen 
m dime, at the time this blood sample was taken, the 
patient was ambulatory but actually appeared moribund. 
She ^vas cxceedmgly pale and scarcely able to walk The 
spleen \vas down to the pelvis, and the liver down 

These numbers are the hospitalization numbers of 
patients at Strong Memorial and Municipal Hospitals, 
Rochester, N Y 
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1 finger 1 breadth below costal margin. She was admitted 
to the hospital, but was discharged against advice and 
died at home about one month later 

iMboratory data Erythrocytes 1^000 Hcmogbbm 
4 6 gr^mi. Leukocytes 157 000 with 92 per cent myclOKl 
cells the Schilling count showing a atnkmif shift to the 
nnmature types. Hematoent 16.1 per cent. Reticulo- 
cytes 03 per cent. Unne and stool negative. Blood 
Wassertnann negative. 

Cesf S Number 149^ i a twenty two year old Amed 
can negresf, was admitted m a prostrated and semi 
comatose condition. Clinical diagnosis w-as aplastic 
anemia, with question of aleukemic leukemia or agranulo- 
cytic angina. The patient died a few days after admlK 
non, and autopsy showed extensive Hodgkm s disease 
mvolvmg the mediastinal and abdominal lymph nodes 
and the marrow 

Laboratory data Erythrocytes 2,010000 Hemoglobin 
7 0 grams. Leukocytes 900 with 90 per cent lymphocytes. 
Hematoent 203 per cent. Reticulocytes 03 per cenL 
Unne and stool negative. Blood Wassermann negathc. 

Cast 6 Nuviber 57322 ‘ an eight jear old Italian girl 
mth a long history m this hospital was diagnosed in 
ISO? at erythroblastic anemu. On her last admission 
the patient was extremely underuounshed, pale, imtablc 
and apparently monbund. There was marked cardiac 
dccompcnsabcra. The Ii%er was down to the umbilicus, 
and the spleen to the pelvis. Massive asates was present, 
and the viscera could only be felt after paracentesis. 
The patient died about two weeks after this sample was 
taken. Discharge diagnosis was erythroblastic anemia, 
myocardial insufBacno'^ subacute hemolytic streptococcus 
pentonitis and malnutrition. 

Laboratory data Erythrocytes 1 600 000 Hemoglobin 
2JS grams. Leukocytes 29 000 with 78 per cent polymer 
pborueJears, Smear 50 nucleated red cells per 100 white 
cells marked anisocytosis, poilalocytosii, fragmentation 
and baiopblUa. Hematoent 133 per cent Reticulocytes 
25 per cent Aiatic fluid 2J)6 per cent protein 30 mgm. 
per cent nonprotem mtrogen. Hemolytic streptococcus 
on culture. Blood culture negative. X rays of the skull 
changes typical of erythroblastic anemia. Unne and 
stool negauve. Blood Wassermann negative. 

Case 7 Number 55711 ^ an Italian woman of fifty 
eight, was admitted by Emergency complaining of ab- 
dominal pain and diarrhea of one week s duration. The 
ikm appeared yellow The tongue was smooth and 
atrophic. Admission diagnom was pcrniaoui anemia. 
Liver therapy produced no change m the reticiilocyte 
count. A number of itudics were earned out, but the 
patient was discharged to dime with a diagnosis of 
macrocytic of unknown etiology, latent syphilis, 

chronic leukopema of unknown cause and arteriosdcrotJc 
heart disease. 

Laboratory data Erythrocytes 2^fiQ0 Hcmoglobm 
6.0 grams. Leukocytes 3300 with normal diflcrential. 
Smear anisocytous, polkilocytosis, rare mcgalobl«ts 
and occasional suppling Hematoent 24 7 per cent Re 


Uculocytes 4 4 per cent Urine and stool negative. Blood 
Wassertnann posiUve. Icterus index 11 Gastnc anaJy 
as no free HCl fasting after alcohol and after hista 

, |j 

Case 8 Number 1868^ an American Jewish woman of 
forty five, was admitted to the hosprt^ with complaint 
of pain in the right side, difficulty m swallowing and 
constipaUca. The tongue was red and smooth. The 
finger and toe nails were spoon shaped. The hver was 
palpable Just below the costal margin. Diagnosis was 
idiopathic hypochromic microcytic anemia with Phimmer 
Vinson syndrome. 

Laboratory data Erythrocytes 5 100 000 Hemoelobm 
72 grams. Leukocytes 5 600 with nonnal differential and 
hypochromic smear Hematoent 34J8 per cent. Reticulo- 
cytes 13 per cent XJrme and stool negative. Blood 
Wassermann negative. Gastnc analysis no free HQ 
fasting after alcohol and after histamme. GJ senes 
megacolon. 

Cast 9 Number 263127'^ an English woman of forty 
four was admitted with polyarthnbs of two weeW 
duration with a past history of rhcmnatic fever a ml 
arthntis. The heart was markedly enlarged, with systolic 
murmurs. Diagnosis was acute rheumatic fever rheu- 
matic pleurisy rheumatic heart disease, chronic tonailUtis 
and secondary anemia. 

Laboratory data Erythrocytes 4370,000 Hemoglobin 
163 grams. Leukocytes 16 000 with nonnal diSerentiaL 
Smear marked poikilocytosis, with sotne agar shaped 
cells. Hematocrit 323 per cent. Urme and stool n^ 
tive. Blood Wassermann questionable on repeated exam- 
inations spinal fluid Wassermann negative. Scdimcnta- 
bon rate 18 mm. per hour 

Case 10 Number 71716^ was an American white 
woman of forty five, with a history of polycythemia 
vera, mitral insnffiaency and epilepsy smee 2933 She 
had been hospitalized on many occasions and treated with 
phenylbydraxine and by phlebotomy Her red ceil count 
had been as high as 7300 000, with 24 grams of beroo- 
globin. The spleen had been palpable at all times, ex 
tending as low as 4 finger’s breadth below the costal mar 
gm. At the time when this blood sample was taken, the 
patient was seen m dmic, with red blood cells 5370300 
hcmoglobb 15 0 grams hematoent 343 per ccutl and 
reticulocytes 03 per cent ' 

Cast 11 Number 162882^ an Irish Amencan man of 
fifty a known perniaous anemia case, treated over sev 
eral years with mtramuscular hver had marked neuro- 
logic^ symptoms and signs. At the time when this blood 
sample was taken, the patient was seen in clinic, with red 
cell count 43^0300 hemoglobin 133 grams and hemato 
ent 453 per cent 

Cast 12 Number 53987 ^ an American white woman of 
forty four had a history of penflaons anenna and sev 
eral bouts of intestinal obstruction. Tlie blood picture 
luuj been maintained by hver therapy tn the c li ni c. At 
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the time of this sample, the red blood cells were 5,030,000, 
the hemoglobin 14 3 grams, and the hematocrit 41 3 per 
cent 

Addisonian pernicious anemia 

Three patients first seen with severe, untreated 
or practically untreated pernicious anemia, were 
studied One was followed through to complete 
restoration of the blood picture to normal, one to 
partial recovery, and the third could be followed 
for only two weeks 

Case 13, Number 161475}^ an American white man of 
sixty, was admitted by Emergency on January 23, 1940, 
m a state of prostration, dyspnea and extreme pallor 
For four months prior to admission he had been growing 
progressively weaker, and had been bed-ndden for one 
month. Increasing pallor, with recent appearance of a 
yellow tinge, had been noted Paresthesias of the hands 
and feet had been present for two months A small 
amount of treatment with liver preparabons by mouth 
had been received, but no intramuscular therapy 

Physical examination The pabent was a well-devel- 
oped, poorly nourished, thm, weak and exhausted man of 
sixty, with a lemon-yellow skm and extreme pallor, ap- 
pearing acutely ill The temperature was 38® C, the 
pulse rate 112, the respirabons 29, and the blood pressure 
108/58 The fundi showed old and new flame-shaped 
hemorrhages, cotton-wool exudates and very yellow discs 
The tongue was smooth and red The heart was some- 
what enlarged, and a systolic murmur was heard The 
liver was 2 finger's breadth below the costal margin 
Neurological examination was negative except for dimin- 
ished Vibratory sense m the extremities 

Laboratory data Erythrocytes 1,050,000 Hemoglobin 
3.2 grams Leukocytes 3,500 ivith normal differentiaL 
Smear marked poikilocytosis, anisocytosis and baso- 
philia, many nucleated red cells and some megaloblasts 
Hematocrit 110 per cent Rebculocytes 12 per cent 
Unne and stool negative Blood Wassermann negabve 
Icterus index 14 Gastric analysis no free HCl fasbng, 
after alcohol and after histamine. Electrocardiogram 
changes compabble with coronary disease. 

Course This pabent had a smooth course, with ideal 
response to treatment During the first three days the 
pabent received 1 cc, daily of Rebculogen,” 3n,d during 
the remaining twenty-four days of his stay in the hos- 
pital he received a total of 2 cc. The blood picture im- 
proved steadily and rapidly, as did the clinical condibon. 
Rebculocytes rose to 36 per cent on the fifth day, and 
gradually fell On February 20, 1940, he was discharged 
to clinic. At the bme of discharge the red cell count was 
3,400,000, and the hemoglobm 9 9 grams The heart ^vas 
decreased m size. Improvement contmued, the pabent re- 
ceiving 1 cc. of Rebculogen intramuscularly once a 
week m the clinic. When seen on Idarch 12, 1940, the 
red cell count was 4,540,000, and the hematocrit 46 6 per 


cent Diagnosis was pernicious anemia with subacute 
combined system disease. 

When first seen, on admission, this patient had 
an amazingly low chohne esterase activity of both 
the blood and plasma The plasma E was 0 OSS, 
or 30 per cent of the mean normal value, and 
the whole blood £ \vas 0 083, or 25 per cent of 
the mean normal value This is the only case m 
the senes m which the cell E and MCE were 
significantly below normal Values of 0278 and 
0292, respectively, or 51 per cent and 60 per cent 
of the mean normal values, were found On the 
fourth day of treatment, when the hematoent had 
risen from 110 per cent to 22 0 per cent, and the 
red cell count had nsen from 1,050,000 to 1,630,- 
000, the plasma E was not significantly altered, 
but the whole blood E was 0 163, double the value 
on admission, the cell E was normal and the 
MCE significantly above normal The values 
for plasma, whole blood and cells continued to 
nse By the eighth day the MCE had reached 
the value of 0810, 270 per cent of the imtial 
value and 170 per cent of the mean normal value 
The MCE leveled off at about this value, reach- 
mg 0 856 on the twenty-first day The cell E 
continued to nse until the twenty-seventh day, 
when the patient was discharged The discrep- 
ancy between the responses of cell E and MCE 
IS directly related to the changmg mean corpuscu- 
lar volume The esterase per cell reached a maxi- 
mum fairly early, then, as the cells became more 
numerous and smaller, the esterase per unit vol- 
ume of cells became larger without much change 
m the activity per cell The whole blood E 
reached a normal value on the twenty-first day 
and leveled off, nsing slightly to the twenty- 
seventh day Plasma E gradually returned to 
normal in the same manner, but wth some lag 
behind the whole blood value This nse to normal 
wth climcal improvement is m accord with the 
finding of Milhorat (8) in a case of nutntional 
deficiency and a case of pemphigus vulgans 
When the patient \vzs seen m dime, six weeks 
after the beginning of treatment, all values were 
normal 

Case 14, Number 163708, a seventy-nine year old 
American white woman, was admitted by Emergency on 
March 31, 1940 No history could be obtained, and the 
pabent had no complaints Subsequent conversabon with 
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her physician repealed an old history of pcrnldous anc- 
mu treated with ** Lextron orally He had not wen 
the patient for three months 

PhyiKal examtnaiwn The patient was a welWcvel 
oped, fairly well noumhed woman of seventy nine, dis 
oriented and confused not appearinff acutely ilL The 
temperature, puUe rate, rcspirabons and blood pressure 
were norroat The fundi showed mild artcnosclcrotic 
changes. The tongue was smooth and red. The heart 
was enlarged, with a systolic murmur The hver was 
1 fingers breadth below the costal nurgm. Lower ten 
don reflexes were absent uppers, hyperactive and equal 

Laboratory data Erythrocytes 1,320000 Hemoglobm 
5j0 grams. Leukocytes 3 550 with normal dififercntial. 
Smear marked anisocytosis poUdlocytosis, a fc^v normo- 
blasts and an occasional roegaJoblajt Hematocrit 174 
per cent Rcbculocytcs 0 l 2 per cent Unne urobilin 
positive. Stool negative. Blood Wasscrmarm ncgati\c. 
Icterus mdex 12. Gastnc analysis no free HQ fasting 
after alcohol and after histamine. 

Ccmrje On the first day the patient rccci\'ed 0.5 cc. of 
** Rctlcnlogen intramuscularly and on the second and 
fourth days 1 cc. The red cell count and hematoent rose 
until the nineteenth day when they leveled off at 3,300000 
and 35 per cent, respectively Reticulocytes rose to 26 
per cent on the fifth day and gradually fell On the 
twenty seventh day 1 cc. of Rcticulogen " was given. 
No further nse m hematoent or red cell count was ob- 
served during the remainder of the patients stay m the 
hospital. She was ducharged to the care of her physician 
on May 9 1940 with a dugnosis of peruiaous anemia, 
gencralued artcnosdcrosis, senile dementia and arteno- 
scleroUc heart disease. 

When first seen, on admission, tins patient had 
a significantly Icrw plasma and whole blood E 
On the second day there \vas a slight nse m the 
whole blood E which ^va3 of questionable sig 
mficance For some reason, possibly relief of 
dehydration, the red cell count fell markedly dur 
mg the first three days The hematoent did not 
change and this vvould mdicate that the M C V 
changed markedly The rebculcx^e count on 
this day was 7 per cent, so that active regenera 
bon had begun and the M C V would be ex- 
pected to nse. However, it seems possible that 
the red count may have been at fault and this 
quick esterase response to therapy is open to 
doubt On the subsequent days this pabent fol- 
lowed much the same course as the first pabent, 
unbl the nmeteenth day, when the blood picture 
leveled off at 3,500 000 red cells and a hematoent 
of 35 per cent On the mnetcenth day the whole 
blood E was normal the plasma E was rising the 


cell E and M C.E, were sbll high with the MCE, 
levelmg off before the other values. On the 
thirty first day the whole blood and plasma E had 
fallen, but the whole blood E was sbll withm the 
normal range. Cell £ and M CE, had fallen, but 
were sbll significantly high 

Cate 15 Namber 161604 ^ a iixty year old Russian 
Jewess was admitted by Emergency on January 24 1940 
She had been bed ridden for two weeks. Her diet had 
been very defiacaL Recently she had noted the appear- 
ance of a yellow color m her skin. She complained of 
edema of the ankles, and coldness of the hands and feet. 
She had been treated ^ for anemia," but apparently had 
received no Hver therapy m any form. 

Physical ejromwia/ion The patient was a wcU-dcvel 
oped, fairly well nourished woman of sixty appearing 
prostrated, senu-comatosc and pale, with a yellow color 
The temperature, pulse, respirations and blood pressure 
were normaL The fundi were pale and showed small 
hemorrhages. The heart was enlarged, with a systolic 
murmur The liver was 2 fingers breadth below the 
costal margin. Neurological exammauon was negative. 

Laboratory dala Erythrocytes 900 000 Hemoglobin 
44 grams. l.cukocyte3 5,800 with normal differential. 
Smear marked poikilocytosis, anisocytosis and baso- 
philia, with some nucleated red cells. Hematoent 13j0 
per cent Reticulocytes 2.4 per cent, Unne and stool 
negative. Blood Wassennann negative. 

Course Ehirxng the first six days the patient was given 
6 cc. of “ ReUculogen " mtranmscularly and from this 
time to the fourteenth day 0.5 cc daily Chnka! hn 
provement paralleled improvement m the blood picture 
and the patient was discharged to a nursing home on 
February 8, 1940 with a red cell count of 2,730,000 7S 
grams of hcmoglobm, and a hematoent of 29J5 per cent. 
Discharge diagnosis was pemidous incnua and gen 
eralixcd artenosderosis. 

When first seen, twelve hours after treatment 
was started, this pabent had esterase values com- 
parable with those of Case 14 During the two 
weeks of treatment the whole blood E rose but 
did not reach the normal range the plasma E 
fell but the fall is probably not significant The 
cell E and M CE were normal at first and rose 
in a siinilar fashion to those of the first two 
patents. A tendency toward levehng off is seen 
m the M.C.E. values This ease is of httle value 
in Itself and merely serves to corroborate the 
findings on the first two 

Data on the three pcmiaous anemia pabents 
arc given m Table 11 
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TABLE U 


Choltne esterase changes occurring during Ihz 
treatment of pernicious anemia 


Case 

treat 

meat 




Choline eateraw activity^ 

R4^d 

Hem- 

Ke- 





niun- 

blood 

ato- 

tlctUo 





ber 

celU 

crit 

cyte5 

Whole 

blood 

Plaa- 

ma 

CeU 

MCEt 

XlOia 



miUwns 

per 

cent 

Per 

cent 





13 

0 

10 

110 

1 2 

0 083 

0 058 

0 278 

0 292 


2 



2 1 






4 

1 6 

22 0 


0168 

0 071 

0 513 

0 694 


5 



36 0 






7 



34 0 






8 

20 

28 2 

14 0 

0 211 

0 068 

0 578 

0 810 


10 



6 1 






14 



04 






21 

32 

37 5 


0 362 

0 137 

0 738 

0 856 


27 

3 8 

29 8 


0 390 

0 130 

0 808 

0 842 


42 

45 

46 6 


0 362 

0199 

0 550 

0550 

14 

0 

1 3 

17 4 

02 

; 0 128 

0 068 

! 0 413 

i 0 500 


2 

1 1 

17 7 

73 

0139 

10 069 

! 0 463 

1 0 747 


5 


1 

25 4 






7 

1 


18 0 






9 

1 20 

28 2 

18 0 

0 253 

0 102 

0 691 

0 927 


12 

1 


80 






19 

35 

34 8 


0 378 

0111 

0 910 

0 918 


I 12 



15 






I 

35 

36 2 


0 309 

0 085 

0 706 

0 720 

IS 

! 0 

09 

13 0 

22 

0 127 

0 084 

0 413 

0 595 


6 

1 8 

230 

24 3 

0 186 

0 061 

0 578 

0 735 


14 

27 

29 8 

09 

0 244 

0 056 

0 689 

0 772 


* Cholme esterase activity (£) is expressed as cc of 
0 OIN NaOH required to neutralize the acetic acid formed 
from acetyl cholme per mmute per cc of blood, plasma or 
cells at pH 7 65 and temperature 25“ C 

t M C E (the esterase activi^ per cell) is found by 
multiplying tne cell E by the M C V in cc This value is 
expressed multiplied by 10^ 

DISCUSSION 

There appears to be a mechanism whereby the 
chobne esterase acbvity and distribution between 
the cells and plasma are altered under certain con- 
ditions of anemia No change in whole blood or 
plasma esterase was observed in cases with a hema- 
tocnt of more than 30 per cent Since most of 
the moderately anemic cases were microcytic, and 
tended to have normal red cell counts, with low 
hematocrits, the effect of lowering the red cell 
count alone cannot be observed m this senes In 
all cases with hematocrit 25 per cent or less, and 
with red blood cell count 2,270, 0{X) or less, there 
was a significant lowenng of the esterase values 
for both plasma and whole blood The whole 
blood values, although low, are higher than the 
values which would be expected if the cell esterase 
remained normal There occurs what may be 
termed, for purposes of discussion, a compensa- 


tion for the reduced plasma esterase and the re- 
duced number or total volume of circulating cells 
The amount of this compensation was m a general 
way related to the condition of the patient The 
best response was seen m the two acute hemor- 
rhage cases, where the bone marrow was presum- 
ably normal and had not been subjected to pro- 
longed drams upon its resources, and in pemiaous 
anemia patients after treatment was started and 
before restoration of the blood picture was com- 
plete All of these cases showed a good reticulo- 
cjde response at the same time as the esterase 
response One might naturally suppose that the 
increase in cell esterase was assoaated entirely 
with the appearance of reticulocytes m large num- 
bers m the arculating blood However, it was 
seen that the two cases of chrome leukemia, with 
no nse in reticulocjrte count, and with anemia of 
long standing, showed almost equally high esterase 
activity of the cells Unless an increased blood 
destruction m leukemia is postulated, it is impos- 
sible to conclude that the high esterase activity of 
the cells is related entirely to their youth It 
seems more probable that there is some mechanism 
for mamtaining a high esterase in the mature cells, 
under conditions of anemia, and that the mech- 
amsm fails m the very debihtated or monbimd 
patient, or when the marrow fails senously 

An explanation of the changes m cell esterase 
on a basis of surface area of the cells is untenable* 
Although several of the cases exhibitmg elevated 
mean corpuscular esterase had large cells, some 
with very high mean corpuscular volumes, eg ^ 
untreated pemiaous anemia, showed very low 
mean corpuscular esterase Also a case of micro- 
cytic anemia had an elevated mean corpuscular 
esterase No correlation existed between M C V* 
and M C E m this senes 

The pernicious anemia patients, before treat- 
ment, appeared to be unable to make this com- 
pensation By far the lowest cell esterase and 
whole blood esterase values were seen m these 
patients, and the fact that immediately upon treat- 
ment these values rose stnkingly suggests the 
possibihty that in pemiaous anemia there is a 
speafic inability to put out cholme esterase in 
adequate amounts in such cells as the marrow 
produces 

In Case 14, there was, for some unknown rea- 
son, a levehng off m the response of the blood 
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picture on treatment It may be that the therapy 
was inadequate Witli this levelmg off came a 
drop in plasma esterase, whicli had been rising 
gradually while the blood picture was improvmg 
There wtis also a fall m tiic cell E and MCE 
which appears similar to tlic return to normal in 
Case 13 There is a possibility however, that 
this fall represents tlie beginning of a reversion 
to the imtreated conditiom No definite conclusion 
can, of course, be drawn from a single sample on 
a single case, but the suggesbon can be made that 
accompanying the arrest in blood picture improve 
ment there may have been some sort of defiaency 
or inhibition m the choline esterase meclianism 
which 15 responsible for this fall 
With the return to a normal blood picture there 
IS a reduction m the esterase activity of tlie cells 
of the pemiaous anemia patient to the normal 
level The f>enod of recovery lasted about six 
weeks, or somewhat less than the average hfe of 
a normal red blood cell This reduction to normal 
might be thought to occur simply as the average 
age of the circulating cells increased It appears 
from the leukemia picture, however tliat this is 
probably not the explanation. And smee low 
serum esterase has been reported m acute hemo- 
lytic icterus (7) m the face of massive blood 
destruction it docs not seem probable that blood 
destruction is the mechanism for removing the 
esterase from the cells into the plasma How the 
reduction is controlled and nhat the medianism is 
wherebj cells lose and the plasma gams esterase 
activity are uncxplamecL 

It seems possible, m some of the cases that the 
mecliamsm of the reduction m plasma esterase 
might be simple dilution When the plasma values 
arc corrected for dilution occumng wth the res- 
toration of the blood volume following hemorrhage 
m Cases 1 and 2, normal values are obtamed 
But when such a correction is made in the other 
cases, where tlie relative plasma volume \vas chron- 
ically high most of the values arc still low Low 
"values have also been reported m a number of 
non anemic conditions and it seems improbable 
that plasma dilution can be the explanation. 

The studies of Alles and Ha%ve3 (11) indicate 
that blood cell cholme esterase may be qualita 
lively different from plasma cholme esterase. 
They found that at relatively low substrate con- 
ccntrations the activity of the cells was far greater 


than that of the plasma, but that inhibition of the 
cell esterase occurred at higher substrate concen- 
trations This work appeared after the present 
mvesbgations were completed Figure 2 in their 
studies indicates that the substrate concentration 
chosen was such as to give a maximum of cell 
esterase activity They also found a marked ef- 
fect of NaCl a certain concentration being re- 
quired for maximum activity This aspect of the 
condition of anemias must be mvestigated al- 
though it 13 known that some of tlie patients had 
normal blood chlondes, and there ^vas no climcal 
reason for supposmg that any except possibly the 
acute hemorrhage cases might have had disturbed 
NaQ balances The changes observed m cell 
esterase are not readily explained on a basis of 
NaCl effects, and it seems improbable m this par- 
ticular senes where the changes we are most con 
cemed with arc marked increases over the normal 
rather than decreases, that the NaCl factor is a 
determimng one, 

A recent paper of Nachmansohn (18) shows 
that divalent cations have marked effects on the 
activity of chohne esterase The possible signifi- 
cance of these ions m the anemia cholme esterase 
picture with special reference to Mg^ is being 
investigated m collaboration with the Department 
of Medicme of this umversity Other studies 
which are planned mcludc mvestigations on ani- 
mals of the cholme esterase distnbution and vana- 
tions under conditions of anemia and blood de- 
struction studies on the bone marrow esterase, and 
mvestigations of the properties of the cells of 
anemic patients wth regard to chohne esterase 

SUMMARY 

1 Choline esterase determmationfl were made 
on whole blood and plasma of normal persons and 
of patients with various blood dyscrasias and 
anemias Values for the cells were calculated 

2, The findmgs on esterase activity of the 
plasma were m accord with those of others and 
consisted of a lowering of plasma esterase m con- 
ditions of debihtation, m this instance assoaated 
with severe anemia- 

3 In patients with anemias other than severe, 
imtreated pemiaous anemia who were m fair 
chmeal condition or whose bone marrow was rela 
tivcly free of pathology there occurred a marked 
nse m the esterase acUvity of the cells This high 
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level of activity m the cells is thought not to be 
wholly dependent upon the presence of reticulo- 
cytes and young cells m the arculating blood 

4 The cases of untreated, severe pemiaous 
anemia showed a marked reduction in esterase 
both of the cells and the plasma On treatment 
there was an immediate sharp rise in the cell 
esterase to a stnkingly high value This high 
esterase activity was maintained for a time, but 
gradually feU off to normal as the blood picture 
was restored to normal The plasma esterase rose 
slowly and steadily to normal 

5 It is suggested that some mechamsm exists 
for mamtaimng a high esterase in the cells m 
conditions of anemia, that this mechanism fails 
in severe, untreated pemiaous anemia, in extreme 
debihtation and/or in severe bone marrow failure, 
and IS stimulated or rehabihtated m the pemiaous 
anemia patient on treatment with liver therapy 
It is also suggested that some mechamsm exists 
for reduang the high cell esterase to normal with 
the restoration of the blood picture to normal, and 
that this restoration is something more than a 
simple Uberation of the enzyme by cell destruc- 
tion 

I should like to express my gratitude to Dr W 0 
Fenn for his valuable suggestions and encouragement, 
to Dr Sidney C Madden and Mr Albert P Rowe for 
their cooperation m supplying blood samples from their 
dogs, and to Dr John S Lawrence and the members 
of the medical and pediatnc staffs for their interest and 
cooperation in giving me access to the patients on their 
services, which made this work possible, 
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Hypotheses of fat metabolism tn diabetes melhtus 

The development of thought concerning the 
metabohsm in diabetes mellitns since the classical 
experiments of v Mehnng and Mmkowsla has 
been formulated into t\% o contrasting theones 
Evidence of cruaal character bearing upon these 
theones is still bong actively sought for by ex- 
perimenters, but It appears that the totahty of this 
evidence is not yet suffiaent to bring complete 
conviction to all m one direction or the other 

Bnefly, these opposmg theones may be stated 
as follows 

1 Uiider-uhlioatton hypothesis The major if 
not the sole, defect m the intermediary metabolism 
m diabetes melhtus is that the pcnpheral tissue 
(i e chiefly muscle) cannot, either at all or m 
suffiaent measure, oxidize carbohydrate wthout 
the catalytic mtervenhon of msuluL 

2 Overproduction hypothesis Fatty adds are 
convertible into carbohydrates by the hver The 
function of insuhn is to control directly or indi 
rectly the extent of this conversion its action m 
the periphery, which is to catalyze the oxidation 
of carbohydrate is either ml or of minor im- 
portance. 

According to the first of these hypotheses the 
complete diabetic subject must lose all of the en 
ergy denvable from carbohydrate and most of that 
from protein, hence he must fall back upon fats 
as the chief source of his energy requirements 
According to the second hypothesis also there is 
m the diabetic a profound disturbance of the 
normal course of fat metabohsm in the hver It 
therefore becomes necessary to examine the theo- 
nes of fat metabolism which developed simul 
tancously ivith the growth of the above hypotheses 

There are two possible chemical mech anism s by 
which fats can be utflized m the penphery These 
are 

» Aided by granU from The Amencau Philoiophical 
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I Fats are utilued directly by the penphery 
tCj oxidation is initiated and completed m the 
musdes themselves 

II There must be a preliminary partial oxida- 
tion m the hver to diffusible substances which are 
oxidizable by the musdes 

The possibihty, discussed later, that both I and 
II are operative at the same time must also be 
considered However, differences of opmion 
arose over the detailed mechanism of U which 
were expressed m the alternative hypotheses 

II-A Fats are preliminarily oxidized m the 
hver to ketone bodies plus a two-carbon compound 
(acebe aad) In the normal subject these are 
completely oxidized m the penphery 

II-B Fats are imtially converted by the hver 
to carbohydrates as well as ketones for penphcral 
ubhzation 

U-C Fats are completely converted m the hver 
to ketone bodies only 

Early m the hterature the emphasis was placed 
upon one of these alternatives (II~A) almost to 
the complete exclusion of the others The reasons 
for this were threefold the ascendency of the 
under utibzatiou school, the strong positaon of the 
Knoop hypothesis of successive beta oxidation of 
fatty aads and the development of the hypothesis 
of obligatory coupimg of ketone body-carbohy- 
drate oxidation m the penphery The relation of 
these to the problem of fat metabolism m the 
diabetic will be bnefly discussed 

Hypothesis of successive beta oxidation of fatty 
acids 

The onginal experimental work of !Knoop (1) 
upon which this hypothesis was based was con- 
fined to the study of phenyl substituted fatty aads 
m which the side chain contained 5 carbons or 
less. When these aads were fed the nature of 
the phenyl residue excreted clearly showed that 
these short fatty aads were oxidized at the carbon 
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atom which was in the beta position to the ter- 
minal carboxyl group In the case of phenyl 
valenc acid, the longest fatty aad studied, Knoop 
limited his conclusion to the statement that there 
\vas beta and delta oxidation but asserted nothing 
about the possible paired sphttmg off of acetic 
aad or other oxidized two-carbon compound Nor 
did he state that the type of oxidation which he 
showed for these short fatty acids ^vas a general 
biological reaction for the oxidation of longer 
fatty aads 

Dakin (2a), however, contmued work with 
phenyl-substituted fatty aads and became con- 
vinced that "the evidence obtained" (indi- 
cates) " that five aads of the type Ph C - 
CCCCOOH undergo oxidation m the body in 
such a way that four carbon atoms are removed 
from the side cham m Uvo pairs " This 
process "may be termed successive beta oxida- 
tion " and he saw " no reason to suppose that it is 
not a general biochemical reaction " For then it 
became clear " that the catabolism of a fatty aad 
group, CHj (CH 2 )h COOH, is effected by the 
successive removal of two carbon groups at a 
time " It would necessarily follow that each 
molecule of fatty acid would be degraded through 
a succession of fatty aads each shorter by two 
carbon atoms than its immediate precursor 
Finally one molecule of butync aad would result 
which in its turn would be oxidized to one mole- 
cule of acetoacebc aad or beta hydroxybutync 
aad 

Of the nature of the t^vo-carbon compound split 
off httle wds kno\vn It \vas most generally as- 
serted to be acetic aad and as such was mcor- 
porated in schemes of fatty aad oxidation The 
difficulty, pomted out by Fnedmann (3), that 
acetic aad was markedly ketogemc m perfused 
hvers was generally ignored For then the fatty 
acids with odd numbers of carbon atoms, when 
oxidized by successive beta oxidation, should hke- 
wse produce acetic aad and therefore should be 
ketogemc But they are not Dakin (2b) , rec- 
ognizing the difficulty, avoided it by postulating 
the possible formation of other t%vo-carbon oxida- 
tion products of the type of glyoxyhc aad How- 
ever, nowhere m the hterature are there any 
reports of the isolation or identification of any 
of these hypothetical two-carbon compounds 


Hypothesis of obligatory coupling of ketone- 
carbohydrate ondation 

The stnking ketone body excretion by the dia- 
betic subject and its equally stnking recession 
foUoiving resumption of carbohydrate oxidation 
remained to be explained Although there were 
isolated appeals for a simpler hypothesis (Cf , 
for example, von Furth (4) , Raper and Smith 
(5)), the hypothesis of obligatory coupled oxida- 
tion of ketone bodies and carbohydrates, imtially 
founded upon an aphonsm and not much more, 
dovetailed so neatly with the Knoop hypothesis 
that it became the almost unchallenged theory of 
the metabolism of fats m the diabetic for a period 
of forty years The statement of this hypothesis 
as it became fuUy developed was as follows the 
long even-numbered fatty aad chains (C = > 16) 
present m natural fats are oxidized by successive 
beta oxidation m the hver A two-carbon com- 
pound — presumably acetic aad, which is easily 
oxidized by the penpheral tissues of the complete 
diabetic — is split off The fatty aad molecule is 
thus reduced step by step to the four-carbon 
butync aad This m turn is oxidized to aceto- 
acetic or beta-hydroxybutync aad which cannot 
be further utihzed by the diabetic and is excreted 
m toto 

If the diabetes is “ incomplete " or if insulin is 
given, carbohydrates can be oxidized and there 
occurs in the penphery the chemical reaction of 
coupled ketone body-carbohydrate oxidation, vis 

Ketones carbohydrate + 02 = CO 2 + HjO 

This is the sole mechanism by which ketone bodies 
can be oxidized m normals or diabetics 

The reasons for the ascendency of this com- 
bination of hypotheses are easy to discern 

1 It permitted the under-utilization school of 
diabetic students to explain how the complete dia- 
betic, who was losing about 70 to 80 per cent of 
the energy from protein as carbohydrate or ketone 
bodies, and 100 per cent of that from carbohy- 
drate, could still exist The calculations in Table 
I show that there was still a possible 27 to 62 
per cent of the energy of the onginal fat in the 
form of a hypothebcal two-carbon compound split 
off by the beta oxidabon available for the energy 
requirements of the penphery The balance was 
lost to the penphery either m the process of pre- 
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TAULB I 

Tht heals ej combusiion of oxxdtsed derwUwes qf folly acids 
and iM calculaUd energy owt/oW# io the penphe^ 

1 gram inolc of fat (tnglyctnde) -» 870 grams — 8200 
calones (typical fatty odd «- CiiHmOj palmitic) 


SolaCrtu foJiwd Li Bror 
fax pjirHU oUcUtkm 
olfattjadd 

CalotWMok* 

1 MoW 

lUolaoI 

fat 

Total fat 
etloriei 1 
aYiU^ 
lo 1 

pwipfawy 1 

fT^TVlnyy^trt 




fa cad 


AetCUitU 

too 

tXi 

49 

No 


381 

3X1 

63 

No 

arcoQUadd 

IW 

»xr 

37 

(SeafootaoU 


I 

JXfl 


(ScafoetDota 

ObtaxSaaM 

IJ 

3X6 

37 

iSwfootaoU 

Fonil* 

a 1 

3X13 

27 



tss 1 

3X4 1 1 

n 

No 

add 

T 1 

3X4t 1 

1 

No 

QltCOM 

en ' 

3XM71 

(a 

Y** 


• By successive beta oxidation hypothesis 1 mole fatty 
acid 1 mole ketone + 6 mole substrate 

t By multiple alternate oxidation hypothesis 1 mole 
fatty acid — 4 mole substrate 

1 Hypothetical roaximum yield per mole fat. 

1 No information found that these compounds arc 
intermediates m fat catabolism None ha%e been clearly 
demonstrated to be glucogemc. 

Urmnary oxidatious in the Uver or m the form of 
unoxidixablc ketone bodies The position of the 
complete diabetic was indeed quite precarious but 
it vras conceivable that his energy requirements 
could be met by such a mechamsm. Curiously 
enough, as is seen from the table, the fonnation 
of acetic acid or glyoxylic aad, which are those 
most frequently advocated would yield the least 
amount (27 to 46 per cent) of tlie energy of the 
ongmal fat to the penphery 

2 It allowed this school to avoid postulating 
the formation of carbohydrate from fats, smee a 
compound other than carbohydrate, but presum- 
ably oxidizable by the diabetic, was formed in the 
hver 

3 It allowed of a ready explanation, which 
appeared to be quantitative of the marked in- 
fiuence of carbohydrate uUlization upon urinary 
ketone body excretion 

The position of the over productionists ^va3 less 
clear Obviously they could hardly espouse the 
obhgatory couphng hypothesis for then ketonuna 
would never occur, smee by assumption abundance 
of carbohydrate is oxidized m the penphery It 
was natural, then that they concerned themselves 
with expenments designed to show that the 
bodies were oxidized m the penphety w u 
couphng with carbohydrate oxidation (6 7} 


abnormal fat metabolism in diabetes could more 
easily be explained by postulating that there oc- 
curred m the Irvcr the reaction 

Fatty aads oxygen = ketone bodies 

glucose + (two-carbon compound?) 

The exact stoicheiometnc proportions of this re- 
action were never clearly defined. The important 
assumption was made that this reaction was con 
trolled directly or mdirecUy by insuhn In dia- 
betes raellitus therefore it ran to excess, resultmg 
m ‘ over production ' of ketone bodies and glu- 
cose. The effect of what the under utihzationists 
call a * resumption of carbohydrate oxidation m 
the periphery ” in causing a recession of ketonuna 
and glycosuria could just as readily be cjqilamcd 
by asserting that under the same conditions the 
above reaction was inhibited However, despite 
the fact that the hypothesis of successive beta 
oxidation was the accepted explanation of the 
mediamsm of fat oxidahon in the hver certain 
of Its imphcations were ignored, tna 

1 All the conceivable two-carbon oxidued com- 
pounds denvable from fatty aads (Table I) have 
ather been shown to be aglucogemc or else have 
never been shown to be mtermediancs m the 
catabohsm of fat It was necessary to fall back 
upon the assumption that the four-carbon residues 
of the oxidation of fatty aads were the immediate 
precursors of glucose, although there was no con- 
clusive evidence that this ^vas so Butyuc aad 
Itself which IS known to be glycogenic m the hver 
(86), has never been shown to be an intermediate 
m the hepatic catabolism of fat Nor is there any 
evidence that the ketone bodies themselves are 
glycogenic- The recent expenments of Wcil- 
Malhcrbe (9) showing that acctoacebc aad is 
converted into glucose by the kidney have not 
been confirmed (10) 

2 Aside from this there is another difficulty 
tf only the rtstdunl four^carhon compounds of 
folly aad are convertible to glucose For then 
both the ketone bodies and glucose onginatmg 
from fatty aads must come entirely from these 
residues and the maximum grains (G) of glucose 
which could be obtained from the catabolism of 
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F grams of fat when K grams of beta-hydroxy- 
butync aad are excreted 

)- 

or G = 04l F— 1 15 K 

In other words, there should be m the diabetic 
an inverse relation between glucose and ketone 
excretion, and in the hmit, according to the equa- 
tion, glucose excretion from fats should be zero 
when the grams of unnary ketones is approxi- 
mately % of the grams of total fat catabohzed 
But no such relations have ever been remotely 
suggested in innumerable metaboUc studies of dia- 
betes melhtus These considerations logically re- 
quire that the over-productiomsts abandon the 
hypothesis of successive beta oxidation of fatty 
aads as incompatible with their own views and 
propose another, although to date no convinang 
substitute has been suggested 

Evidence against the combined hypotheses 

A retrospect of the hterature shows that, long 
before outspoken doubts b^an to appear, there 
ivas evidence which \vas completely at vanance 
with the successive beta oxidation and obhgatory 
couplmg hypotheses when these were earned to 
their logical conclusions For example, it was 
long known that the partition of fats in the hvers 
of fasting normal animals who must be subsisting 
largely on fats failed to reveal any of the lower 
fatty aads which were supposed to be formed by 
degradation of the higher ones The major por- 
tion of the fatty aads contained carbon atoms 
= >16 Small amounts (1 to 2 per cent) of 
mynstic (Cj*) and launc (Ci 2 ) were found, but 
essentially no aads with fewer carbon atoms In 
particular, butyric aad should have been formed 
m large amounts by the hvers of diabetic subjects 
ivith severe ketosis and, being freely diffusible, 
should have appeared m the unne There, as 
Hurtley (11) pointed out, its presence should 
long ago have been revealed by its odor alone * ^ 
Still more convinang was the evidence in the 
working diabetic, particularly the exerasmg de- 

2 Butyric aad at pH 5 to 7 4 is easily detectable by its 
odor at 0 01 M This is approximately ^ o! the unnary 
concentration of ketone bodies frequently observed m 
severe ketosis 
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pancreatized ammal ^ Since these animals were 
presumably oxidizmg no carbohydrate, they should 
oxidize no ketone bodies Hence, dunng exercise, 
the excess ketone body excretion over the basal 
excretion could easily be calculated from the ex- 
cess fat metabolism But there was no doubt, 
as found by many observers, that there was es- 
sentially no increase of ketone body excretion 
dunng exercise despite large increases of fat 
metabolism Tins is clear indication that large 
amounts of fats were completely utihzed without 
coupling with carbohydrate oxidation This one 
fact alone was completely at vanance with the 
obligatory coupling hypothesis and should have 
forced its abandonment at once 

The more systematic attack upon the Knoop 
hypothesis may be said to have begun with Hurt- 
ley’s paper (11) The absence of the lower fatty 
acids m the hvers of diabetics d 3 ang of coma led 
him to reject the Knoop hypothesis and propose 
instead the hypothesis which became known as 
the multiple alternate oxidation hypothesis (II-C) 
According to this, fatty aads are oxidized simul- 
taneously along the whole length of the carbon 
chain at alternate carbon atoms with complete 
disruption into ketone bedies according to the 
scheme 

CHj CH. CH2 CH. CH. CH2 CH2 CH. CH^ 
COOH + O2 = CH3 CO CH2 CO CHj - 
CO CH. CO CH2 COOH 4 - O2 = 4CH3 CO - 
CHa COOH 

A typical fatty aad such as palmitic (CioH^jOa) 
would accordmgly yield not one but four mole- 
cules of ketone bodies Jowett and Quastel (13) 
determined ketone body formation by liver shces 
in the presence of vanous fatty aads The yield 
of ketone bodies from the higher fatty aads 
(Cft^io) m comparison to that from the lower ones 
brought them to the conclusion that the oxidation 
went by ^vay of multiple alternate oxidation 
Deuel, Hallman, Butts, and Murray (14) fed the 
ethyl esters of fatty aads up to C^* to fasting rats 
Companson of the rates of excretion of ketone 
bodies makes it appear unlikely that successive 
beta oxidation alone is responsible for the degrada- 
tion of the fatty aads For example, m the case 

3 See for example Barker's (12) recent experiments on 
exercising depancreatized dogs 
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of capi^hc aad (CJ, they concluded that delta 
oxidation os well as beta oxidation occurred so 
that two acctoacetic aad molecules would result. 
In the case of palmitic and steanc acids thdr re- 
sults were more difficult of interpretation but 
they concluded that three or possibly four aceto- 
acctic acid molecules might result from one mole- 
cule of fatty aad Their conduaou was that m 
the case of the higher fatty aads (C»-Ci») their 
oxidation proceeded according to the hypothesis 
of multiple alternate oxidation, 
Bhxenkronc-Mfdler (8o) perfused the livers of 
diabetic cats and compared the total oxygen con- 
sumption with the ketone fonnation He found 
that It nas possible to explain the low oxygen to 
ketone ratio only by assuming that four molecules 
of ketones were formed per molecule of fatty 
aad oxidized Stadic Zapp and Lukens (15a) 
studied the formation in vtfro of ketone bodies by 
slices from the livers of diabetic cats They com 
pared the experimentally observed ratio of oxygen 
uptake to ketone formation with the theoretical 
ones calculated according to the Knoop hypothesis 
and the multiple alternate oxidation hypothesis 
They found (Table II) that, when oxygen uptake 


TABLB U 

Tlu caladated and observed ratios of kepaiic oxyten uptake 
to kthn* formaiion in IS* diaUiic amnvjl C/5a) 


Hnwtbetl« 

Equitlon ipr oaddaUem c? » tridcal 
hlsher utty add (paludtic) 

Ratio 

Knoop 

CiiHuOi4*60j 

-C*Hk6,-f-6CH,COOH 

Qx ketones 

6 1 

Multiple 

alternate 

oxidatk)n 

CuHttOi+SOi-lCtH/Di 

IIS 1 

Observed in 6 
diabetic caU 

1 1±012 


ivas corrected for carbon dioxide formation and 
for the oxygen re^luired for the deamination of 
ammo aads, the ratio did not differ significantly 
from that calculated by the latter hypothesis 
Stadie, Zapp and Lukens (156) added further 
evidence at variance with the hypothesis of suc- 
cessive beta oxidation, which predicts that some 
oxidized two-carbon compound presumably acetic 
aad should be formed from the higher fatty 
aads. Acetic aad formation should be approxi- 
mately six tunes the ketone body formation 


Nevertheless m slices from the hvers of diabetic 
cats they could find no trace of acetic aad forma- 
tion although the ketone body formation was 
large. In addition, they found that with Uver 
slices actively produemg ketone bodies the molccu 
lar ratio of ketone body increase to fatty aad 
decrease was in accordance with the hypothais of 
multiple alternate oxidation rather than that of 
successive beta oxidation (10) 

Present position of the successive beta oxidoHon 
hypothesis 

Tlitf totahty of the evidence ated above appears 
to be convinang proof that the major portion of 
fatty aad oxidation in the Incr occurs m such a 
way that the entire fatty aad molecule is com- 
pletely oxidized to ketone bodies It is not m 
tended to imply that beta oxidation docs not occur 
Indeed, the onginal experiments of Knoop and 
of Dakin are strong proofs that it does. More 
recently Stetten and Schoenheimcr (16), using 
deuterium have shown that palmitic aad (Ci,) 
can be degraded to a small extent step-wise to 
launc (Cn) and myrtstic (Q^) aads The pomt 
to be emphasized is that the onginal iraphcation 
of the successive beta oxidation hypothesis 
namely that large amounts of intermediary fatty 
aads down to acetic aad are formed in the hver 
by oxidation of the long-chain fatty aads, is no 
longer m conformity vnth the expenraental facts 
Successive beta oxidation if it occurs must ac- 
count for only a small part of the total fatty aad 
oxidation m the hver most of it appears to be 
accounted for by multiple alternate oxidation 

Concermng the mechanism by which multiple 
alternate oxidation is brought about, nothing can 
be said It is worth Vihile remarbng hjowever, 
that the conception that there is an enzyme which 
will “ fit ’ a large tnglycende molecule and cause 
its complete disruption mto ketone bodies \vithout 
the formation of mterraediatcs is not o pnon im- 
probable, An analagous case would be that of 
glycogen whose molecule is much larger (16-18 
glucose residues) and yet is rapidly broken down 
to glucose 1 phosphate by a spcafic enzyme with- 
out the formation of mtermediary polysacchandes 

( 17 ) 
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The production of carbohydrates from fats by the 
liver 

The conversion of fatty aads into carbohy- 
drates by the hver would supply the muscles vnth 
an oxidizable derivative of fat other than ketone 
bodies The evidence pro and con has been re- 
cently reviewed by Mitchell (18) and Soskin 
(19) Evidence in favor of this hypothesis has 
been, as a rule, mdirect and arcumstantial Such 
direct proof as is m the hterature has usually 
failed of confirmation Stadie, Zapp, and Lukens 
(15a) moreover, showed that this conversion did 
not occur in the hvers of diabehc cats With 
liver slices they found that the summation of the 
respirations for the mam oxidative process oc- 
curring m the hver was essentially equal to the 
total observed oxygen uptake 


kgm cat per hour Or, since the average weight 
of the liver is 30 grams per kgm , there would be 
reqmred approximately 97 uM of oxygen per 
grams of hver per hour to produce this amount of 
glucose from fatty aads But there %vas no oxy- 
gen whatever available %n the metabolism of the 
diabetic hver slice for this conversion This ex- 
penment alone, even if there were no others avail- 
able, is convinang proof that the conversion of 
fatty aads to glucose does not occur m the dia- 
betic hver In the case of fasted phlorhizmized 
rats in which there was marked glucose and 
ketone-body excretion, they found the same oxy- 
gen balance with hver slices as in the diabetic cats 
(10) They also showed by direct analysis that 
there was no gluconeogenesis attnbutable to fat 
by hver shces from diabetic cats (10) 


TABLE m 

The oxidative ntetaholism of liver slices from 
6 depancreaitzed cats (15a) 


Oxidative process 


Deamination of ammo aads 
Carbon dioxide formation 
Ketone body formation 


Mean oxygen uptake per 
gram fiver per hour 
mtcromoles 
82±12 
28 0 db 5 0 
630 db40 


Sura of known oxidations 99 2 db 6 5 

Total observed oxygen uptake 87 5 db 4 0 


Difference unaccounted for —11 7 =1= 7 6* 

* Difference not significant 


It is obvious that fatty aad {eg palmitic) re- 
quires oxygen for its conversion to carbohydrate 
The maximum ^ yield would be according to the 
equation 

+ 7 OO, = 2 67CaH^Oe 

Thus 1 uM of O. would suffice for the production 
of 0 38 uM of glucose Now, the average excre- 
tion of glucose m Stadie, Zapp, and Lukens" senes 
of cats (1 to 4 hours before the actual experiment 
with the hver shces) was IICX) ±: 167 uM per 

^It is frequently stated m the literature, apparently 
upon entirely hypothetical grounds, that the reaction for 
this conversion has a respiratory quotient of 0 3, vts , 

+ lOOa = 2^C.HuO, + 3CO, + 3H.0 

Then 1 mole of oxygen would be eqmvalent to only 022 
mole of glucose. The difficulty m balancing the oxygen 
uptake m the hver against the hypotheUcal glucose for- 
mation would become even greater 


Direct utilisation of ketone bodies by the diabetic 

The above discussion makes it clear that the 
chief oxidation products of fatty aads in the liver 
are the ketone bodies The calculations m Table 
I show that more than 70 per cent of the onginal 
energy of fat stall resides in these ketone bodies 
and the question anses as to whether this energy 
IS available to the penpheral tissues of the diabetic 
The evidence for the answer that the diabetic can 
abundantly utahze ketone bodies m the penphery 
is completely convinang Stadie, Zapp, and 
Lukens (15a) reviewed the evidence on this prob- 
lem and added their own Table IV gives calcu- 
lations from data m the hterature of the utahzation 
of ketone bodies by the penpheral tissues of nor- 
mal and diabetic animals An inspection of this 
table shows the following 

1 Under basal conditions the diabetic animal 
can utilize suffiaent ketones to furnish a large 
part, if not the whole, basal energy requirements.- 

2 The potential capaaty for utilization under 
conditions of (a) work or (&) with high blood 
ketone concentration (induced by mjections of 
ketones) is 4 to 6 times the basal utilization 

In other words, it is apparent that, provided the 
production of ketones from fatty acids by partial 
oxidation in the hver is suffiaent, the diabetic 
could subsist practically entirely upon ketone 
bodies, even under conditions of severe exerase 
Furthermore, this oxidation of ketone bodies pre- 
sumably IS completely mdependent of carbohydrate 
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TABLE rv 

CakvJaiums from data tn On ItUralure of kdom body 
iUOizaium by On pmphtral tusvu of On normal and 
dtabcUc an%7tuil 

Mcaa kttooe hodr 

utjRatlcaperkgm^ 

periUy 

miOiwtcla 

Chaikoff and Soskm (6) 

By measurement of rate of disappearance 
of injected ketones from blood of 
Diabetic eviscerated dogs 29 db 10 

Normal eviscerated dogs 34 ± 5 J 

Fncdemann (20) 

By measurement of ketone bod^ excretuan 
m eviscerated dogs when injected with 
very large amounts of acetoacctatc Maximum 120* 

Blixenkrone^MdUcr (3) 

By comparison of ketone formatwn of 
perfus^ diabetic cat livers with prior 
ketone excretion 39 ± 8 0 

By measurement of rate of disappearance 
of ketone bodies from Wood perfused 
through 

Restmg hmd limbs of normal and dia 

btUc cats 27 ± 3U3 

Worldne bind limbs of normal and dia 

betic cats 130 ± 6,7* 

Dye and Chidscy (21) 

Injection of acctoacetatc at hJ^h rate into 
nephrcctomized-dcpancreatued dogs Maximum ISO* 

Stadie Zapp and Lukens (iSa) 

(1) By comparison of ketone formation 

by diabetic cat liver slices with 
jOTorunnar> ketone body excretion 27 ± 3 6 

(2) By measurement of ketone bod^ 

utilization of normal and diabetic 
muscle mince m presence of added 
aceloacetate 22 it 6 J 

(3) By measurement of ketone body 
utilization by diabetic cat muscle 
mince simultaneously equilibrated 

with diabetic cat liver slice 50 i 10 0 

(4) By measurement of the portal 

hepatic ketone body difference of 
diabetic cats 30 ± 9 8 


Mean basal ketone utilization 32 db 3 1 

Equivalent in grams of fat ± OJl 

* Excluded from basal mcam 


oxidation The hypothesis of obhgatory couphng 
of ketone body-carbohydrate oxidation becomes 
therefore, not only unnecessary but indeed diffi- 
cult, if not impossible, of retentiom 


Tht calculation of the kstogtiMc-auUkttogtmc 
ratio as support of ths obligatory 
coupling hypothesis 

There stall remained in the minds of the stu 
dents of diabetes the possibihty that there is a 
defimte molecular ratio between carbohydrate oxi- 
•dued and ketone bodies oxidized This idea 


stemmed from numerous calculations m the lit- 
erature of the so-called ketogcnic-antiketogenic 
ratio m diabetes mcUitus It remains therefore, 
to rc-examme tiie calculations and the assumptions 
upon which they are based 
The assumptions are clearly stated by Shaffer 
(22) ‘ The hypothesis states that antiketo- 

genesis m the human subject is based upon a 
ketolytic reaction m tlie body between aceto- 
acetic add, the first formed of the acetone bodies 
and a derivative of glucose (or of other antiketo- 
genic substances), the compound bemg further 
oxidized but that failmg to react with ketolytic 
substance, acctoacetac aad is resistant to oxida- 
tion accumulates and is excreted The 
fact that one finds at the threshold of ketosis an 
approximately constant ratio between the number 
of molecules of the precursors of acetoacctic aad 
and of glucose m the mctaboUc mixture must 
mean that the further oxidation of acctoacetac aad 
constantly taking place under normal conditions is 
accomplished through a chemical reaction with a 
denvatave of glucose ’ 

The best way to test the hypothesis by means 
of the quantitatave data which are available is to 
set it up m the form of an equation It has been 
frequently emphasized m the hterature that the 
interrelations of ketones and carbohydrates m the 
intermediary metabolism of the diabetic can only 
be properly evaluated if the amounts of fat, pro- 
tein, and carbohydrate in the metabolic mixture 
are determmed calonmetnc methods Let the 
partition of the metabohe mixture be 

/C = Total raM of ketone bodies formed from 
total fat and protem catabohsim (The 
ketone bodies derived from fat arc calcu- 
lated assummg 1 molecule of ketone body 
per mole of fatty aad) 

{/ = mM of ketone bodies utilized 
^=raM of antiketones ’ oxidized 
£==raM of ketone bodies excreted 
f=: ' ketogemc-antiketogcmc ratio a small 
whole number (1 or 2) 

According to the hypothesis there occurs m the 
penphery as the sole mechamsm by which ketones 
can be utahzed the reaction 

Ketones -j- antiketones -I- O, = COi + HjO 
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The total number of ketone body molecules 
formed in the liver by partial oxidation of fatty 
acids which can be utilized in tlie penpheral tissues 
of either the normal or the diabebc subject can 
never exceed r X niM Accordingly, if ketone 
bodies are produced in excess of this value they 
\viJI be excreted These relations are expressed 
by the equation 

U = K — E^rXA 

There are three ways m which the data obtained 
from subjects with diabetes melhtus can be ap- 
phed to the equation 

1 By the selection of conditions where E is 
just a httle more than zero Then it may be as- 
sumed (practically) that 

K^rXA 

and r may be calculated when K and A are known 
from the metabohc mixture This method was 
called the ^'measurement of the ketogenic-anti- 
ketogemc ratio at the ketone body threshold 
However, the defimhon of " ketone threshold is 
somewhat arbitrary and the values of r obtained 
by diflferent observers usmg this method or by the 
same observer in different cases were found va- 
nant This was explained away by supposmg an 
“ unequal distribution ” of metabohtes so that m 
some places glucose molecules were oxidized with- 
out encountenng ketone bodies and hence were 
" wasted as ketolybc agents, while in other cells 
or locahties ketone bodies formed without the 
possibility of encountenng glucose molecules and 
hence accumulated 

2 Patients with defoute excess of K, as mdi- 
cated by marked ketonuna, were selected, and the 
observed ketone body excretion compared with 
that calculated by the equation (r being assigned 
a value of 1 or 2) 

E = K — rXA 

Unfortunately E is the small difference of two 
large numbers Hence the approximate agree- 
ment of the small observed and calculated E 
values ivas considered sufficient even though, as 
was frequently found, they differed from each 
other by several hundred per cent 

3 In patients with defimte excess of K the 
statistics of the equation 

U:=rXA (I) 


can be calculated This is by far the best method 
smce the stabstical calculations would constitute 
an objective test of the equation and the hypothesis 
upon which it is based Oddly enough, it appears 
never to have been used 

Fortimately, there is in the literature a suffiaent 
amount of the necessary data for re-testing this 
hypothesis in subjects vnth diabetes melhtus The 
cases are all classical ones, reported m the litera- 
ture before the advent of msuhn when marked 
ketonuna was, of necessity, a frequent accom- 
paniment of the disease Similar data on human 
diabetics will m all probabihty never be obtained 
again, smce it is unhkely that patients with marked 
ketonuna will be allowed to remain untreated 
over long penods of time 

The assumptions made m calculating the data 
are 

1 The metabolic mixture as represented by the 
calones of protein, fat and carbohydrate calculated 
by the original authors is assumed to be correct 

2 The conversion of calones into ketones and 
" anbketones ” is made by the use of the factors 
given m Table V 

3 In testing the obligatory coupling hypothesis 
as expressed by equation (1), the onginal assump- 
tion that one fatty aad molecule yielded one ketone 
body molecule was adhered to The employment 
of the 4 1 ratio as required by the multiple alter- 
nate oxidation hypothesis, however, would make 
no difference in the conclusions drawn from the 
analysis of the data 

TABLE v 

Factors converting calones of nietaboltc mixture into 
mM of ketones and antiketones" 

Factor 

Kgm calorics of Ketojcnlc Antiketogenic 


Fat on basis of 1 

1 ratio 

0 363 

0 121 

Fat on basis of 4 

1 ratio 

145 


Protein 


0 442 

1 25 

Carbohydrate 



2 96 


Factor converting mM of ketone bodies into 
grams of onginal fat = 00726 (on basis of 4 
moles of ketone per mole of fatty aads) (Aver- 
age molecular weight of fat = 870 ) 

Presentation of data 

1 Cases of diabetes melUtns with marked ke- 
ionurta {te = mM /day) In this tjqie 
of case, since there is an excess of ketone forma- 
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'‘A^mK^roNE3^ 0X10*205, mJ^KC/DA^ 

Fia. 1 Diabjcixs Melutus, Case No. 740 (Josuk, 1915) 

A Kctoot uUUiaUon as a fuJictioo o£ ** antflcctones ** oxidlic(L Corrclatioa ==• 027 ± 0 17, N A ratio =3 027 ± 
020 intercept constant =* 8.9 ± 05 mMVkg /day 

B Ketone utilization as a function of total fat cataboUsm. Correlation =» 0.99 ± 004 ft«0 75± 0j04, U 9 =* 
28i) ± Z1 miiykffyday 


IB 



KETONE EQUIVALENTS, bM/KC/ DAf 


tion, it 13 possible to determme whether the data 
are m accord with the equation 

In order to present the data briefly tlie obser 
vatioos have been plotted for eacli individual case. 
The statistical analyses accompany each plot and 
for convenience of companson these statistics are 
collected m a summannng table 

Correlation coefhaents, regression coeffiaents, 
etc., together witli their standard errors are cal 
ciliated according to standard methods {Cf Dunn 
H A., PhysioL Rev . 1929, 9, 215) 

Cast number 740 Diabetes melliitis (23) (Figure lA) 
Moderate ketonuria. (•=• > 5 granu beta bydroxybutync 
aod per day) The dashed line ii calculated by the c<jua 
two V =^2A The a^cement of this Ime with the oh- 
serred pomU is speooui iince the correlatiou coe ffi cient 
is 027 ±017 (not significant) and the value of r=« 
027 ± 020 {ut without tigmficant rcladoa to the bypo> 
thetical value of 2) Moreover U when yf »=* 0 (i^ 
when no antiketones arc oxKllicd) u ± 05 tu M . per 
fcgm. per day instead of 0. The hypothesis gams no 
support from this case. 

Besst* B Diabetes imlUtus (24) (Hgurc 2A) Ke- 
tonuna. slight to moderate (beU bydroxybutync add 1 
to 17 grams per day) The dotted line is theoretical for 


U ^2A It bear* no significant relation to the observed 
pomti. There is no significant correlation (coefiidcot =» 
— 0 40 ±020) aod the statitUcal (heavy) line shows a 
uegaltve value oi — 0.43 Instead of a value of 1 
or 2. There is an appreciable utilixation of ketones 
(13J8±17 raM per kgm, per day) when the **anti 
ketones ** oxidized are icra 

JCfumer Diabetes laelltius (22) (Figure 3^) Severe 
ketoouna (28 to 102 grams per day of beta hydroxy 
butyric acid) There is no significant correlation 
( — 010± 029) The theorebcal hues for U A and 
U '=^2A have no significant relation to the observed 
pomts. The stabstically calculated vahic of r is 0 10 ± 
029 and has no rclaUon to the hypothesis. 

Cyril K Diabetes viellitus (25) (Figure 4A) Mod 
crate to severe ketonuna (beta bydroxybutync acid 11 
to 83 grams per day) Of all the cases m this group the 
dotted line for the theory U •=‘2A shows the best ap- 
parent agreement to the “eye.” But this agreement is 
found to be ipeaous when the statistical analysis is con 
sidered. For then the true cquabon for the observations 
is found to be 

C/ 55 ± I2=- (072 ± 0J9)A 

rather than 

l/^0'h2A 

The statistical value of r* 0.72 ±029 is significantly 
different from the supposed value of Z Moreover 
should be 0 when A (antfleetoues oxidized) is 0. But it 
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“ANTIKETONES" OXIDIZED, a m/kg/daY TOTAL FAT CATABOUSM IN 

' KETONE EQUIVALENTS, oiM/KG/DAY 

Fig 2 Diabetes Melutus, Bessie B (Wilder, Boothby, and Beeler, 1922) 

A Ketone utilization as a function of “ antiketones ” oxidized Correlation 0 40:t OJD, K A ratio = — 043 ±: 
0 35 , intercept constant = 13 8 :ir 1 7 mM /kg /day 

B Ketone utilization as a function of total fat catabolism. Correlation 09S±003, Jb = 0 75:±:0 09, Do — 
34 5 ifc 4 6 mM /kg /day 


ZA ZB 



Fig 3 Diabetes Melutus, Kramer (Shaffer, 1922) 

A Ketone utilization as a function of ‘‘antiketones" oxidized Correlation — — OlOdzO.29, K A ratio — 
— 0 10 rk 029 , intercept constant = 5 3 ± 3 1 mM /kg /day 
B Ketone utilization as a function of total fat cataboUsnu Correlation = 0 91 0 05 , A ==028 dr 004, Ua^ 
34J dr 1 4 mM Ag/day 
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Fic. 4 Diabeies Unxmjs Cybil K (toHAw Aub, Du Bois and Lusx, 1917) 

A Ktlooc ulUvzaUon aa % {unction ol “ antiktloinss " oxidixcd. Correlaton » 0^ ± 027 K A ratio =« 072 ± 
0J9 intercept coiutant *=> 5j6:i: 12 mMykg /day 

B Ketone utUiration as a function of total fat catabolism, Corrclabon » 077 :i: 0 03 i»41d:075 
35 4 :i: U mM/kg /day 


5A 


5B 



'pic. 5 DiABSTis Mw.ittus jEKvift B (RicaABDSow AKTI Ladd, 1923) 

A Ketone utOiiation as a function of " antflcctoiies " (mdued. Correlalioa — 079 ± OBI K A ratio = 
—021 ±0 05 intercept constant « 12>3 ± 0 1 mM./kg/day 
B Ketone ubluabon a* a function of total fat catabolism. Correlatiou ^ 077± 0(M A = 0.84 ± 0 14 (7# « 
232±19 mM/kg/day 
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“ANTIKETONES" OXIDCED, •m/kc/DAY 


TOTAL FAT CATABOUSM JN 
KETONE EQUIVALENTS. mM/KO/DAY 


Fig 6 Diabetes Mellittjs, E, W (Mosenthal and Lewis, 1917) 

A Ketone utilization as a function of ** antiketones ** oxidized Q)rrelation = — 045:t0»33, K A rabo^ 
— 3 6 ± 2 4 , intercept constant = 11 3 ^ 0.8 mM /kg /day 

B Ketone utilization as a function of total fat catabolism. Correlation = — 089 ± 0 08, = — 038 ± 008^ 

C/o = 46 6 i: 3 5 mM /kg /day 


IS found to be 5 6 ± 12 mM iier kgm per day In other 
words, It IS practically certam (prob = > 0 999) that 
there ts utilization of ketones when there is no oxidation 
of “antiketones** The observations m this case, there- 
fore, do not support the hypothesis 

Jervis B , Diabetes melUtiis (26), (Figure 5A} Mild 
ketonuria (2 to 12 grams per day) There is no sig- 
nificant relation between the observed pomts and the 
dashed Imes calculated for r — 1 or 2 There is a nega- 
tive correlation ( — 099 ±001) The statistical hne 
shows a greater utilization of fat as the carbohydrate 
oxidation (“antiketones**) is diminished 

E IV , Diabetes mellitus (27), (Figure 6A) Severe 
ketonuria (65 to 11 grams of beta hydroxybutyric acid 
per day) There is a negative correlation ( — 0 45 ± 
0 33) giving a negative r = — 36±24, a value which 
has no meaning with respect to the hypothesis under 
discussion. The theoretical Imes f or r = 1 or 2 bear no 
sigmficant relation to the observed pomts When ketone 
formation is calculated on the old 1 1 basis, there is 
found m this case on two occasions a ketone body ex- 
cretion which exceeded the calculated ketone body forma- 
tion A similar observation was found m the case of 
Kramer 

Hypothesis of fat metabolism tn the diabetic 

In summary, it is apparent from this analysis 
that there is no significant relation between the 
ketone bodies utihzed and the " antiketones oxi- 


dized The hypothesis of obhgatory coupling of 
ketone body-carbohydrate oxidation in the diabetic 
receives no support from the quantitative data m 
this senes of cases of diabetes melhtus It re- 
mains, therefore, to formulate an hypothesis which 
will be m conformity with the observations 
The following appears to fulfill these require- 
ments 

Up to a certain level fat metabolism is complete 
and there is no ketontina Beyond this level fat 
metabolism is incomplete and part of the fat cata- 
holised IS excreted tn the form of ketone bodies 
The relation of carbohydrate to fat metabolism 
IS an inverse one the greater the carbohydrate 
metabolism, the less is the fat metabolism There 
IS no fixed relation m the sense of a defimte 
molecular ratio of ketogenic antiketogemc sub- 
stances 

The hypothesis is elaborated m the form of a 
diagram (Figure 7) and an equation 

Let F — total fat catabolized m grams, mM , or 
equivalent mM of ketone bodies 
[/ = total fat utihzed m grams, mM , or 
equivalent mM of ketone bodies 
[/^ = maximal aketonunc fat utilization 
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F- TOTAL B\T CATABOUSM, Gm/kg/DAT 


Fig. 7 Schematic Rctresjcntation o» Fat METAjtousu in 
Diamtes Melutus 

The figure aubodicj the hypothesu duciitsed in the text The equatjon* rclat 
mg fat utnizahoa and ketomina to total fat catabolism are shown m the graph. 
F total fat catahoUacd (/ total fat uulfited Uo ^ maximal aketonunc fat 
ntihiation B » total urinary kctooc bodies k =* coefEacirt ot excess fat uti 
lizahon. 


5 1 = total urmary ketone bodies m mM of 
ketone bodies or the equivalent grams of 
mM of * original ’ fat 
k = coeffiacnt of excess fat utiUiation. * 

In any given calculation all of the above tenns 
must be expressed m the same units The con- 
version factors necessary are 

1 gram of fat 

= ^^=nS mM of fat. 
o/U 

X 12 == 13.8 raM of ketone bodies 

o/U 

1 ir u a ^ ^ 

1 ni.ni of Icctonc doqics 22 Jqqq 

= 0 0726 grams ongmal ” fat 
= 0 0836 mM of onginal ’* fat. 


870 = molecular weight average fat (triglycer- 
ide) » 

The balance of the total metabolism not repre 
sented by carbohydrate or protein is, of course, 
represented by fat metabolism Part or all of 
the total fats catabolizcd imdcrgo a preliminary 
partial oxidation m the Uver to acctoacctic or beta 
hydroxybutync aads. The ketone bodies (or fat 
itself) are utihrcd m the penphcral tissue by both 
normal and diabetic subjects without chemical 
coupling with carbohydrate oxidation. Up to a 
certain pomt, catabolism keeps exact pace wth 
tlie body s need for energy from fat and there is 
no ketonuna. We may express this by saying 
that U~F and represent it on the diagram (Fig- 

*Io acconkmce with the maltiple altcnute oxidahoa 
hypothem these converiioo factori are cal cu lated on the 
ajjuropboo that 1 molecule of fatty aad yieldi 4 mole 
cules of ketone bodiea. 
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ure 7) as the first or aketonuric phase of fat 
metabolism When, however, at a given state of 
activity the need for fat metabohsm exceeds a 
certain maximal aketonuric utilization value (t/©) 
fat IS catabohzed m excess of utilization The ex- 
cess of fat catabohsm over the aketonunc level is 
divided mto two parts (J) the Ath part is utilized 
as extra fat utilization, (2) the (1 — k)th. part is 
excreted m the form of unnary ketone bodies 
Therefore, in this second or ketonuric phase the 
fat metabohsm is represented by the equation 

U=^F~E==Uo + k{F~Uo) (2) 

and the unnary ketone bodies are given by the 
equation 

£=(i— fe)(F-r/.) (3) 

Application of the equation to the cases 

The cases ated in Group I all had moderate to 
severe ketonuna In other words F ^ Uo 
Equation 2 may then be apphed to the data In 
the figures (1 to 6) (I) already given, the B seg- 
ments show the data plotted in this way In the 
conversion of the fat of the metabohc mixture to 
equivalent amounts of ketone bodies the ratio of 
four molecule of ketone bodies per molecule of 
fatty aad was assumed in accordance with the 
multiple alternate oxidation hypothesis The sta- 
tistical calculations are shown m the figures In 
a senes of cases (Group II) in which ketonuna 
was relatively low (= < 5 grams per day) or 
where there are but a few observations, the value 
of Uo has been calculated directly (Equation 2) 
These values have been included in the summanz- 
mg table (Table VI) 

Inspection of Figures IB to 6B ® and of Table 
VI shows the following 

1 The cases of Group I show m every case a 
high correlation between Uo and F, indicating that 

6 The labelling of the ordinates in these figures as 
“Ketone utilization” and “Total fat metabolism m ke- 
tone equivalents ” does not imply that 100 per cent of 
the fat catabolized goes through the ketone body stage. 
The proportion which doe^ is not known (Cf secUon on 
“ Direct and indirect fat metabohsm ”) The terms Fat 
utilization” and “Total fat catabohsm” could just as 
well have been used as they are m Figure 9 The present 
terms are used here to emphasize the relaUon between 
fat catabolism expressed as ketones and potential ketone 
utilization. 


TABLE VI 


Summary of maximal basal ak€tonunc fal uUltzalton 
in cases of diabetes mellttus 


Case 

Reference 

1 

Iklaxlmal aketonuric 
fat utilization in 

1 equivalents of ketone 
bodies 

Coeffi- 
cient of 
excess 
fat 

utIUza 

tion 

Group I 
Cyril K 

1 

Gephart Aub DuBoU 

wAf per ksm Per day 


and Luak (25) 

Wilder Bootnby and 
Beeler(24) 

Shaffer (22) 

35 

-f0 4l 

BeMie B 

34 

+0 75 

Kramer 

35 

+0 28 

740 

Toriln (23) 

Moaenthal and Lewis (27) 

28 

+0 75 

E W 

(47)* 

-OAS 

Jervla B 

Richardson and Ladd (26) 

23 

+0 84 

Group 11 

j 



RayH ' 

Richardson and Ladd (26)' 

37 


Chris Q 

Richardson and Ladd (26) 

26 


Harold T 
Georse H 

Richardson and Ladd (26) I 

37 


Kichaidftonand Ladd(26)' 

37 


Frank B 

Richardson and Ladd (26)' 

37 


K A 

McClelland Spencer and' 
Falk (28) 

40 



Mean (11 cases) 
Equivalent In £rams 
of fat 

34 db 1 6 (S B of mean) 

2 5 rirOU 


* Excluded from basal mean on account of fever (102® F ) 


utibzatiou of fats by the diabetic is a function of 
the total fat catabolism 

2 The values for Uo, the maximal basal ake- 
tonunc fat utihzation, are all concordant (except 
E W , infra) The mean value was found to 
be 2 5 dc 0 12 grams of fat per kgm per day 
equivalent to 34 ±: 1 6 mM of ketone bodies per 
kgm per day This value is m essential agree- 
ment with the mean basal ketone utilization (32 
dr 3 1 mM of ketone bodies per kgm per day, 
Table IV) found m the expenmental animal by 
different workers and by different methods 

These findings are considered to constitute 
proof that the hypothesis concerning fat metabo- 
lism m diabetes melhtus already stated is m con- 
formity with the quantitative data available m the 
literature 

Significance of the coefficient of excess fat 
utilization 

It will be observed (Table VI) that the value 
of k, which we have called the coefficient of excess 
fat utihzation, vanes considerably among the six 
cases with sufficient data for its calculation The 
significance of this is that some subjects (wth 
high value of k) are able to utilize excess fat 
without an undue increase of ketonuna Those 
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with low k values are only able to mcreasc their 
total calories from fat at the cost of a relatively 
heavy increase of ketonuna Whether this divi- 
sion of diabetics into two classes on the basis of 
their k values has any beanng on the problem of 
high fat versus low fat in the dietary cannot be 
said 

fat metabolism m febrile severe diabetic {Moseit- 
thal and Lcwi/ E IV ) 

This case had tliree features wluch are m con- 
trast to those of the other cases 

1 Fever, 102° F (Infected foot ulcer ) 

2 High aketonunc fat utilization level 4^ 6 3 5 

m^I per kgm per day ketone bodies 

3 Severe ketonuna (approximately 8 to 20 mM 

per kgm per day of beta hydroxybutync 

aad) 

4 Negative value of it, the coeffiaent of excess 

fat utihzatioit 

Since there is only one case in the senes show- 
ing these pecuhantics, discussion is speculative 
but it may be tliat tins case represents an extreme 
type of fat raetabohsm, possibly charactenstic of 
the febnle severe diabetic. The well kno\vn clin- 
ical fact that infection supenmposed upon severe 
diabetes leads to sharp increase of ketonuna could 
then be reasonably explained as follows unhke tbe 
afebnle diabetic who can increase his fat utiliza- 
tion above the aketonunc level (fc positive) the 
febnle diabetic has a decreased tolerance for 
fat (fe negative) as well as carbohydrate. In 
consequence, without appreaable change in total 
fat catabolism there is a sliarp fall of fat utiliza- 
tion below the aketonunc ubhzation level accom- 
panied neccssanly by an mcrease of ketone body 
excretion 

Fat utihaation in es;erctse 

For basal conditions Uo pw’ unit of body weight 
wiU be constant and within limits should be the 
same for different subjects As discussed in the 
introduction, the pcnpheral tissues are capable of 
Oxidizing ketone bodies at a rate equivalent to 5 
to 7 times the basal metabohe needs. It has also 
been well established that in the completely dia 
betic depancrcatized animals or in severe diabetes 
melhtus there is essentially no change of ketone 
body excretion dunng exerase 


From equation (3) the ketone excretion is 

Therefore, for ti-vo states of activity, basal and 
working, if ive assume that k docs not change, 
we get 

The meaning of this is clear during exercise 
the mcrease of utilization keeps pace with in- 
creased fat catabolism. This conclusion seems to 
be a simple explanation of the non increase of 
ketonuna m the diabetic during exennse, whereas, 
as has been previously pointed out this non- 
mcreasc is entirely mcompatible ivith the obhga- 
toty couplmg hypothesis 

Ketonuna m diabetes melliius 

We have preferred to discuss the problem of 
fat metabolism in diabetes melhtus m terms of 
utilization rather than m terms of unnary ketone 
bodies m order to emphasize ketone body oxida- 
tion rather than excretion However, it is equally 
possible to show that the data on ketonuna m 
diabetes conform to the hypothesis By the trans- 
formation of tile equation (3) we obtain 

i/p) 

By \vay of illustration, the data m one case are 
plotted m Figure 8 and the points may be com 
pared wth the line calculated using the constants 
already found It is obvious that the relations 
hitherto desenbed predict the course of ketonuna 
m the diabetic with preasion. 

It might also be emphasized that the informa- 
tion obtamed from observations on ketonuna per 
se IS limited For ketone body formation may 
vary withm wide limits up to utilization =C/« 
without any ketonuna Above this value tlie 
exact relation between formation and excretion 
cannot be determined unless the value of the 

coeffiaent of excess utilization ' which vanes 
widely from subject to subject is also known 

Direct and indirect fat metabolism 

The proportion of the total fat metabolism rep- 
resented by (o) preliminary partial oxidation in 
the liver to ketone bodies followed by oxidation 
of the ketone bodies m the penphery and (6) 
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TOTAL FAT CAIABOUSM IN KETONE EQUIVALENTS, mM/KG/DAY 

Fjc 8 Diabetes Mkt.utus, Khameb (Shaffer, 1922 ) 

Urinary ketone body excretion as a function of the total fat catabohsra, £ = (1 — A) (F — Uo) 
Correlation = 0 99 ±001, j^ = OJ28±003, C/o = 35^ ± 1 3 mM /kg /day 


direct oxidation initiated and completed m the 
periphery, remains undetermined There appears 
to be no doubt that ketone body utihzation m the 
periphery may be sufficient to account for 4 to 6 
times the basal requirements of the animal But 
whether the hver does m fact partially oxidise such 
large amounts of fat is doubtful For example, 
Stadie, Zapp, and Lukens (15a) found, with hver 
shces from depancreatized cats, ketone body for- 
mation equivalent to 1 3 mM per kgm per body 
weight per hour But the total basal metabolism 
of the depancreatized cat, which must be largely 
that of fat, when expressed as ketone bodies is 
equivalent to approximately 4 5 mM per kgm per 
hour (calculated from data of Ring and Hampel 
(29)) Apparently only about 30 per cent of 
the total fat metabohsm could be accounted for 
by the mechanism of preliminary oxidation to 
ketone bodies m the hver followed by complete 
oxidation m the penphery In the normal fasted 
(2 to 4 days) cats they found still lower values, 
VIZ, about 10 per cent In a senes of fasted 


phlorhizmized rats, hepatic ketone body formation 
was found to represent not more than 10 to 15 
per cent of the estimated total basal metabohsm 
( 10 ) 

The relation of hepatic and vinscle respiratory 
metabohs}n 

Another difficulty in the problem of fat metab- 
ohsm which has not been suffiaently emphasized 
m the hterature arises from a consideration of 
the oxygen requirements of the hver for the pre- 
liminary partial oxidation of fats to muscle sub- 
strates such as acetoacetate From the observa- 
tions of Barcroft and Kato (30) on the oxygen 
uptake of the gastrocnemius of the dog m the 
resting state and during stimulation at the rate 
of 60 times per second, the data shown m table 
VII have been calculated ^ 

7 Barcroft and Kato's results may be too high (Com- 
pare, for example, Himwich and Rose (33) ) However, 
cutting their values in half would not influence the mam 
argument here. 
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TABLB VU 

Observed muscle and catadaUd bepcife meiabolssm 
of resitni and extreitittf dog 
For cai€ 100 per cent preliminary hepatic partial 
oxidation of fata to acetoacetlc add 



Obterral 

oorreco Dptalc* 

by 

CUailttcd 1 
eqolTfcknt 1 
tatogat of 
acctcMcetole 
oxklixtd by 

Ctlat)JUtd 
btiatic oxycta 
ui>uk* ttnuiitii 
for prodoctkiD 
of uttuoeute 
fiom fit by 
ptxtl*] oxlfUtloa 
InUrtr 


rf-trsm 

mkrcmcia 
ftr ke*tr 

Prrkrm 

bciy^ctiM 
wtutimoits 
p<r hour 

fitf fTM* 

o/lW 

tMkromafa 

Per hour 

Resting 

Excroring 

46 

166 

46 

26 6 

268 

968 

Difference 

m 

1 

12,0 

700 


Cortvcf»K>a factor* 

For total combuttioa m mutcU I nwlc Qi » 1/4 mole 
acetoacetate^ 

For partial oxidation of fat m liver 1 mole aceto- 
acetate — 1 75 mole* Oj. 

Assume 

400jpamfl of miucte per kgim body weight 
30 gram* hver per kgim body weight 


* Ongiaal dau of Barcroft and Kato (30) 

The table illustrates the expectation m the hy- 
pothetical case m which tlic entire muscular me 
labolism is dependent upon indirect fat utilization# 
le, one m which there is a prehminaiy partial 
oxidation of fat 1^ the hver to acctoacetatc It 
wtB be noted that the increase, due to exercise, of 
the oxygen uptake per untf weight is some six 
times greater m the case of tlic hver than in the 
case of the muscle. Furthermore, these calcu- 
lated hepatic respirations both m the resting and 
working state arc greatly m excess of observed 
oxygen uptakes For example, the observations 
of Staub (31) on perfused livers of dogs give a 
mean value of about 70 micromoles per gram of 
hver per hour for the oxygen upt^c. In the 
intact cat Barcroft and Shore (32) found some- 
what lower values Innumerable observations of 
hver shces >« tntro give a value of 75 to 100 uM 
per gram per hour These values are about ^ 
of the basal requirements and about 34o 
requirements under exerase calculated m the table* 
It IS of course, impossible to say that these m 
tense hepatic respirations cannot be attained by 
the hver in vivOf but the marked discrepancy be 
tween the observed values (unless these arc con 


sidered to be m gross error) and those calculated 
on the basis of complete indirect fat metabolism 
must be taken mto consideration m interprctuig 
the problem of fat metabobsm. 

The difficulties discussed m the last two sec- 
tions can be overcome by supposing that a con- 
siderable part of the fat metabobsm of muscle 
occurs directly, , without preliminary hepatic 
partial oxidation to ketone bodies. The evidence 
on this pomt is not unequivocaL For example, 
GcmmiU (34), who reviews the recent literature 
on this subject was unable to find any diminution 
of fat in the working muscle of the normal or 
phlorhizmixed rat, and he concluded that when fat 
13 used to supply energy for work in mammalian 
muscle. It IS used mdirectly However, m view 
of the many observations of respiratory quotients 
ranging from 0,7 to 0^8 in the case of muscle 
with mtact blood supply or isolated perfused 
muscle (33), or muscle equihbrated tn rtfro, the 
possibility of direct utihzation of fat cannot be 
excluded. The extreme view, held by some 
physiologists that carbohydrate only can he oxid- 
ized by muscle appears no longer tenable. 

Sc^t^nuiitc representaiton of total metabolisni m 
the dtabetic 

The relation of ketonuria to the fat metabolism 
and the total metabolism ehated by the study of 
these cases of diabetes melhtus can be incorporated 
mto a scheme (Figure 9) which is intended to 
show the mterrelations of these factors only m a 
general ivay It is not a nomogram for appbea- 
tion to speafic cases For simphaty assume a 
case to be without glycosuria dcnvmg 20 per cent 
of the caloric needs from protein Then 

0J& Total calories 

= Fat calories C^bohydrate caloncs. 

The figure is based upon this equation and the 
necessary conversion factors Several points of 
interest are shown by the diagram 

1 Ketonuna is avoided if the fat cataboUxed is 
equal or less than about 2,5 grams per 1^ per 
day It must be remembered that this value is for 
the resting state and may be higher dunng states 
of activity 

2 When the caJonc metabolism is low keton 
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Fig 9 Schematic Representation of Carbohydrate and Fat Metabousm in 
Diabetes Meixitus and Their Relation to Ketone Body Excretion 


una may be absent even when the carbohydrate 
metabohzed is qmte low 

3 The greater the calonc needs, the greater 
must be the proportion of carbohydrate m the 
metabolic mixture m order to avoid ketonuna 

4 The diets which through chnical expenence 
have been recommended in the hterature are, with 
respect to their proportions of carbohydrate and 
fat, essentially of the type which avoid ketonuna 

SUMMARY 

1 The problem of fat metabohsm in diabetes 
mellitus and its relation to ketonuna is reviewed 
and discussed 

2 Evidence favoring the replacement of the 
successive beta oxidation hypothesis of fatty aads 
by the multiple alternate oxidation hypothesis is 
presented 

3 It IS shown that the diabetic animal utilizes 
ketone bodies m tlie penphery abundantly and 
independently of carbohydrate oxidation 


4 The hypothesis of obligatory coupling of 
ketone body-carbohydrate oxidation m diabetes 
mellitus is not supported by the quantitative data 
m a senes of cases 

5 A simple hypothesis of fat metabolism m 
diabetes mellitus is presented and shown to con- 
form to the observations in these cases 

6 Other significant problems in fat metabolism 
are discussed 
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The use of gastnc analysis as a diagnostic 
method has m recent years fallen under a cloud 
and, while desenpbons of new modifications of 
test meals continue to appear, they receive at best 
a half hearted reception The reason for this is 
not far to seek Vanations m gastnc secretion 
arc so wide m healthy people that very little spe- 
cific diagnostic information can be ehcitcd in dis- 
ease It IS true, to be sure, that many patients 
with duodenal ulcer have a highly aad gastnc 
juice but the limit attained by the normal stomach 
after the conventional stimuli is not transcended 
(1) All one can say is that high aad is com 
patiblc with duodenal ulcer but not diagnostic. 
Very low aad or anaadity is strong evidence 
against duodenal ulcer, and this is perhaps the 
most valxiablc piece of chmcal information to be 
obtained from gastnc analysis The anaadity 
which used to be thought so suggestive of cancer 
is now known to occur m many healthy elderly 
people (2) , and the presence of aad even m 
large amounts by no means rules out neoplasms 
cspeaally those forms onginatmg in a peptic 
ulcer (3) 

It occurred to us that potential differences in 
gastnc secretion might be wiped out by powerful 
stimuh such as histamine which are m vogue in 
the clinic, and going a step farther we wondered 
whether measurements of the spontaneous gas- 
tnc secretion obtained without the use of any 
stimulus might m disease show significant devia 
tions from the normal and hence be useful m 
chmcal diagnosis 

lotebature 

Pavlov (4) working with dog*, foucid that m the 
mterdigeitive penod no true gattnc juice waj secreted 
and that the reaction of the mucosa became alkaline. 
Beaumont year* before bad made similar obserratiooi in 
the case of hi* famous jubjcct Sl Martin. Carlion (S) 
oti the other hand, pointed out that a continuous gastric 

* Supported by a grant from the Rockefeller Foanda 
Uon. 


secretion occurred m some normal people and concluded 
that “complete rest of the gastric glands is an excep- 
dcnal state in the healthy individaaL These two view* 
have led to a good deal of controrersy and the subject 
If well analyzed fn a recent paper by Pavlov's pupil 
Babkm (d) Much of the discussion has been of a quib- 
bling sort, the advocates of the Pavlov position boldmg 
that any secretion of the apparently resting stomach is 
in fact due to unrecognued psychic Influence* or humoral 
stimuli from food in the inlatlncs, arid so forth. It i* 
just because of the very fact that fasting secretion m 
different people represents the play of humoral and 
autonomic i n fl u en ce s m the individual that its measure 
ment may be of value m human pathology Lam (7) 
and his associates made a systematic investigation of 
basal secretioa m the dog They found among other 
thing* that secretion continued after all extrinsic nerroo* 
connection* to the ttomach had been severed. However 
a great reducUoo to a low constant level followed section 
of the vagi, this suggested that reflex stimulation of 
gastric juke i* mediated through these nerves. Necho- 
roschew (8) agam with dog*, conflrmed Pavlov* find 
ings of intermittent lecrction, but Krlmbcrg (9) found 
a cootmuou* secretion which he thought was kept up by 
a stimulating substance secreted by the juice itself Rob- 
erts (10) made an extensive study of basal sccretioo m 
He pointed out that m a good many people there 
occurred at the end of an hour or so a tudden decrease 
of the “ spontaneous * gastnc Juice to a very low level 
He regarded basal secretion as due to a combmation of 
“psychw* and “cbeinlcai“ stimuli. Vandorfy (It) too 
found continuous secretion In man to be the rule and be- 
lieve* It to be a "physiological” process modified by 
psychic Influence*. Tb^ i* a con*idcrabIc literature on 
continuous gastric secretion during nocturnal sleep (12) 
All observers agree that during the hours of heavy sleep 
secretion is practicaUy in abeyance m normal people but 
Hcnnmg and Norpoth (13) found that free secretion 
continued through the night m duodenal ulcer cases. Se- 
cretion was also present m patients with “ gastntis “ and 
ncurotis,” Winkclstem (14) confirmed these findings 
Many year* ago Galambo* (15) proposed the mcaturc- 
ment of basal secictico as a clinical test of gastnc func 
tion but hi* daU were limited and seem to have attracted 
DO attention. 

Whatever the proper physiological interpretation of 
the views lummarued above may turn out to be, it 
teems esUbUshed that many people have a contmuous 
secretion of gastric juice, Thi* jmce~" tccrctcd by the 
stomach in the absence of all Intentional and avoidable 
stunulation “ (Urn)— ^^esent* the effect of nervous and 
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humoral influences which are characteristic for the indi- 
vidual as we showed m a previous paper (16) where it 
w^as pointed out that repeated measurcnients of basal 
secretion m the same person under uniform conditions 
gave practically identical results For these very reasons 
measurements of basal gastnc secretion would seem use- 
ful in the clinical study of patients. 


IklETHODS 

The techmque of measuring basal gastnc secretion has 
been described m our previous papers (16) Briefly, the 
patient is at rest m bed overmght m the hospital and in 
the morning he is prepared as for a metabolism test 
Without the use of any meal or stimulus a small tube is 
passed mto the stomach and the fasting contents are with- 
drawn Contmuous aspiration is then kept up and the 
secretions are collected over successive ten-mmute pe- 
riods Withm forty minutes to an hour the stomach usu- 
ally IS found to be secretmg at an approximately constant 
level and the aadity and the ten-mmute secretory volume 
at this point arc taken to represent the basal secretion ** 

The question, of course, comes up as to whether 
the passage of the tube modifies true spontaneous 
gastric secretion, and this question, too, has re- 
ceived consideration in the hterature, although no 
defimte conclusion has been reached There is 
evidence that gastnc distention may stimulate a 
flow of juice (17) , m other experiments it has 
been suggested that stimulation of tlie pharjmx by 
the stomach tube reflexly provokes gastnc secre- 
tion (18) 

Our own observations indicate that passage of 
the tube may have a temporary stimulating or 
inhibiting effect m different people (or mdeed no 
noticeable effect at all) , as illustrated by the pro- 
tocols in Tables I to V. Certainly no rule can 
be laid down We also pomted out, as men- 
tioned above, that repeated examinations of the 
same individual yielded a highly constant basal 


TABLE t 

Basal secrettoii (Case 93 — normal) 


Ten minute 
period 
number 


Fasting 

1 

2 

3 

4 

5 
♦6 


Ten minute 
volume of 
aecretion 

Free 

hydrochloric 

add 

Total add 

cc^ 

5 

52 

67 

3 

58 

72 

7 

94 

1 104 

6 

102 

, 113 

3 

96 

1 115 

6 

70 

t 85 

S 

73 

1 88 

1 


♦ The values for \ olurae of secretion and total acid in 
this penod are taken as "basal secretion " 


Comment After the small amount of fasting con- 
tents was removed, there seemed to be a transient 
inlnbition of aad m penod 1 followed by stimula- 
tion in penods 2 to 4 Finally a basal level was 
reached m periods 5 and 6 Note low volumes of 
secretion throughout m contrast to high basal 
acidity 


TABLE n 


Basal secretion (Case 88 — normal) 


Ten minute 
period 
number 

Ten-minute 
volume of 
ficcretlon 

Free 

hydrochloric 

add 

Total odd 

Fasting 

cc 

9 

3 

5 

1 

7 

3 

35 

2 

9 

! 31 

1 63 

3 

7 

22 

! 48 

4 

7 

10 

1 35 

S 

1 9 

0 

! 17 

*6 

6 

0 

15 

1 


* Basal secretion 


Comme^it After removal of fasting contents 
there seemed to be a transient stimulation of aad 
(penods 2 to 3) which then subsided to a basal 
level (penod 6) with no free aad 

TABLE m 


Basal secretum (Case 105 — normal) 


Ten minute 
period 
number 

Ten minute i 
volume of 
secretion 

Free 1 

hydrochloric 
add 

Total add 

Fasting 

cc 

30 

0 

8 

1 

8 

0 

6 

2 

4 

0 

6 

3 

7 

0 


4 

10 

0 

' 10 

5 

4 

0 

13 

♦6 

5 

10 

35 


Histamine 


7 

12 1 

12 I 

40 

8 

23 

63 

72 

9 

20 1 

72 I 

86 


* Basal secretion 


Comment Dunng the first few penods secretion 
seems to be inhibited A small amount of aad 
subsequently is secreted (penods 5 to 6) but the 
volume of secretion is unchanged After hista- 
mine there is a free flow of quite acid juice Con- 
trast this case with the preceding (Table II) 
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TABLE rv 


Basal stcTCiton (Ca« 95~normal) 


Tcn-tnlnute 

period 

number 

Tca-mlxmle 

Tolmnocf 

•eerttloa 

Free 

brdrocbloric 

add 

Total add 

Fasting 

u, 

45 

0 

4 

1 

to 

8 

27 

2 

22 

5 

21 

3 

18 

17 

37 

4 

1 15 

35 

56 

5 

7 

35 

60 

6 

8 

29 

56 

*7 

7 

35 

65 


* Basal iccrctjoru 


Comment The fasting contents are often large 
m volume and low in aad due to admixture of 
saliva, duodenal contents, etc. In successive ten- 
mmute periods there was first a free flow of juice 
of low aadity Dunng succeeding penods the 
volume of juice fell but tlie aad increased reach 
mg a basal level 7 to 8 cc. per ten minutes with 
an aadity of approximately 60 


TABLE V 

Basal stcTclxon (Case 106 — nonoal) 


TuHnlnatc 

period 

number 

Tcn*mlnQte 
Tolmne of 
atcretkm 1 

Free 

hsdrocbloric 

add 

Total add 

! 

Fasting 1 

cc. 

60 

44 

60 

1 

8 

44 

60 

2 

5 

34 

58 

3 

6 

29 

58 

4 

6 

38 

1 67 

S 

1 5 

38 

1 67 

•6 

5 

38 

67 


* Ba«al tecrcUon 


Comment In thi s case there seemed to be neither 
stimulation nor inhibibon by passage of the tube. 
There is a steady practically uniform secretion 
from the start 

secretion and apparently pictured a certam type 
of stomach and autonomic oigamration. 

Companson of basal sccretioa with that ob- 
tained after histamine is of interest Figure 1 
shows a senes of values for basal aadity in nor- 
mal people and also the aadity attained m the 
same mdrviduals after histamine stimulation In 
almost all cases the aad was swept up to a high 
value and differences were much less clearly 
brought out than by the basal aadity 



Fic. 1 CoMPAMSON or Basal Gastiic Acidity and 
Acidity Arm Histahike 

Lower dots •=• basal acidity opper dots •=■ level at 
tamed after standard dose of histamine m same mdi 
whials 

Basal secretuni m controls 

In Figure 2 each sohd black dot represents the 
total basal aadity m a different case, as measured 
by titration with phenol thalcm in the usual way 
The patients were a miscellaneous hospital group, 
none with senous disease and none as far as we 
could tell ivith any disease of the gastro-intcstmal 
tract They serve as controls with which to com 
pare the findings m pepbe ulcer and other gastric 
disorders. Fourteen of these subjects had no 
free aad m the basal sccrebon but no pabent is 
included who did not put out aad m response to 
histamine. No attempt ^vas made m this small 
senes to treat males and females separately but 
the values arc pbttcd m relabon to age. Pomts 
of note are the wide vanabons m basal aadity m 
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Same designatioaa as m Figure 2 


The wide vanations m different people, which are 
to a large extent wiped out by histamine stimula- 
tion, are described 

2 Similar measurements m a senes of patients 
with peptic ulcer show that basal aadity with 
duodenal ulcer often exceeds the highest control 
values, hence this measurement has defimte diag- 
nostic value 

3 Values for basal aadity in gastnc ulcer cases 


are similar to the controls and suggest that gas- 
tnc and duodenal ulcer are fundamentally differ- 
ent disorders 

4 Measurement of basal secretion is suggested 
as the simplest and most useful procedure m the 
study of chmcal gastnc physiology If basal ana- 
adity exists the test should be supplemented by 
histamine stimulation 
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